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SU MMARY 
1. Injury to seed corn by freezing in the fall is of fre-
quent occurrence in Nebraska . The underlying causes of such 
injury are : (1) Late maturity, (2) abnormally early freezing 
weather. 
2. The embryo, which is the vital part of a corn kernel, is 
in reality a rudimentary corn plant, having small leaves stalk, 
and root. 
3. In the normal process of germination , or gro,vth of the 
embryo, the primary root develops more rapidly than the 
plumule. 
4. The embryo and endosperm of a kernel of corn d·evelop 
approximately at the same rate from the time of fertilization 
until maturity, and the power of germination is attained m 
about 20 days after fertilization. 
5. The embryo and endosperm in an air-dry kernel of 
corn contain practically the same percentage of moisture How-
ever, during the period just before maturity the percentage is 
greater for the embryo. 
6. When immature or moist kernels of corn are sufficiently 
exposed to freezing temperatures, ice is formed in the inter-
cellular spaces and in the larger spaces around the scutellum, 
plumule, primary root, and root sheath. 
7. Severe freezing of immature or moist corn . causes the 
embryo to change from a normally light or creamy color to a 
dark or yellowish brown color. This change is usually accom-
panied by a loss of vitality. The appearance of the embryo, 
therefore, is a fairly safe gnide in judging the germinative 
power of seed corn which has been subject to freezing injury
8. So far as could be detected from microscopic examina-
tions of frozen embryonic tissues, there was no rupturing of 
cell walls or other cytological effect of freezing and ice forma-
tion. The change in color of the embryo as a result of freezing 
would seem to indicate that a chemical change had taken place. 
9. The real cause of death from freezing of plant tissues 
is a difficult matter to determine. Nevertheless, several theories 
based on certain observations have been advanced to explain it. 
The most generally accepted theory is that water is withdrawn 
from the cells during the process of freezing, and that this 
process continues until death results from desiccation of the 
protoplasm. The most sati sfactory explanation, however, in 
the light of the evidence at hand, is found in the theory, that 
freezing produces a physical or chemical change aside from the 
withdrawing of water, in the protoplasmic and nuclear material 
of the cell so that the element of life no longer exists. 
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10. Death from freezino· is directly related to the moisture
content of the kernel and also to the duration of the exposure 
to cold. Seed corn maturing in a natural way becomes cold 
resistant progressively as its moistu re content dimini shes. Seed 
corn mortality increases progrcssiYely as the duration of the 
killing temperature is extended. Seed corn samples con taining 
varion s amounts of moisture were husked from the fi eld and 
subj ected artificially for twenty-four hours to various freezing 
temperature ranges. After freezing , parts of each sample 
together with corresponding unfrozen samples wereallowed to 
thoroly cure after which germination tests were made
The relative germination of the frozen and the unfrozen 
. arnples ind icates the degree of freezing injury upon the viability
as follows
Tempera- Moisture Content of Grain (Per Cent) 
ture --- - ~ 1~ 130-351~ 1" 1~ 150-55 --- -Ranges 10- 15 15- 20 55-60 60- 65 
Degrees F. Relative germination (Per cent ) 
32 to 28 . . . . 100 85 75 71 69 33 31 0 
24 to 20 . . . 100 96 77 67 13 12 12 6 0 0 
16to12. 100 88 34 12 0 0 0 0 0 0 
8 to 4 . 100 98 47 7 0 0 0 0 
0 to - 5 . 97 63 0 0 0 0 0 0 0 0 0 
Where da ta a r e lacking· no t es t s w e r e m a d e . 
11. The vitality of corn containing from 15 to 20 per cent 
of moisture will not be inj urecl by ordina ry autumn freezing; 
and corn with 10 to 14 per cent of moisture will stand the 
most severe winter temperatures without injury to its germin-
ativepower. 
12 The kernels upon an ear of corn may vary in moisture 
content which may explain partial germination of an ear of 
corn after exposure to freezing tempera tures. 
13. I ce formation within the kernel is not necessarilv fatal 
to th e vitality of the germ. 
14 The variation in time of freezing weather together 
with the great seasonal variation in time of corn maturity 
makes freezing injury inevitable i11 occasional years. 
15. The best adapted types of corn for Nebraska condi-
tions should r ipen two or three weeks before the mean date of 
the first killing frost for the locality in which they are grown. 
16 Varieties which ripen too late may be made to ripen 
earlier (1) by field selection of seed from the earlier maturing 
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plants before autumn frosts, and (2) by selection of the drier 
and more mature ears later in the season. Such late varieties 
may often be ad advantageouslyreplaced by securing seed of some
earlier variety. 
17. The conditions are very exceptional in which a satis-
factory seed supply cannot be obtained by any of the three 
following methods : ( 1) Special early field selection before 
any likelihood of frost. (2) Selecting seed late in September , 
or ear ly in October while husking corn in the regular way for 
early feed. (3) Selecting seed while picking corn to crib in the 
forepart of the husking season. The relative merits of these 
three methods will vary according to conditions. 
Crib selection of seed corn may be practiced as a last resort 
if provision for a seed supply by other methods has been over-
looked. In years when corn matures well it is a very good and 
sa fe practice to select sufficient seed for two years' planting. 
18. The viabilitv of seed corn should be ascertained before 
planting time. This may be done in a general way by a general 
germination test or by observing the color of the germ. Dark 
or discolored germs possess little or no vitality. If either of 
these methods indicate a rather low vitality, a 1nore severe 
elimination of unsound seed should be made by the individual 
ear germination test. 
19 By a comparison of the yields of corn following years 
of serious seed corn injury with the average yield of corn for 
Nebraska during the last 28 years, it seems that predictions of 
low yields following years of severe seed injury are not justified. 
20 Corn harvested early in the fall and given special care 
in preservation will not outyield seed which has been exposed in 
the field to the cold winter without special care, provided both 
are selected for high germinative qualities. As an average for 
three years, 1915 to 1917 seed corn harvested by special selection 
from the fi eld in September , November, and March, and given 
good care after selection, yielded respectively 48.2, 49.6, and 51.2 
bushels per acre, while seed saved from the same field during the 
regular process of husking in November yielded 50.6 bushels 
per acre. 
21 In a comparison of ear types of Nebraska White Prize 
corn during the four years 1914 to 1917 a long, slender , smooth 
type of ear yielded 58.8 bushels per acre, which is 0.7 bushels 
more than the original corn, 7.4 bushels more than the large 
rough ears, 1.7 bushels more than the short rough ears, and 
2.1 bushels more than the short smooth ears. One may conclude 
that this long, slender, smooth type possesses highly satisfactory 
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yielding qualities, which, coupled with its superior germinative 
ability, makes it a very suitable type to grow. 
22 Uniform and varied distribution of seed corn in the 
field were compared for yield of grain. It was found that 
ther e may be much irregularity in stand without a material 
effect upon yield . As an average· for the years 1915 and 1916, 
a uniform stand of three plants per hill yielded 1.8 per cent 
more than the mean for the varied distributions in which suc-
cessive hills contained (a) 1, 2 3, 4, and 5 plants, (b) 2 and 4 
plants, and ( c) 1, 3, and 5 plants. This is greater irregularity 
than results from mechanical variation of corn planters, or from 
planting 75 per cent germinating seed corn at the rate of four 
plants per hill. 
23 Comparative yields were obtained during two years for 
corn hills containing one, two, or three plants, when sur-
rounded by hills with three plants. Two-plant hills and one-
plant hills yielded respectively 18 per cent and 39 per cent less 
than a three-plant hill. Fifty per cent of the yield lost in a 
hill with one missing plant was recovered in the four nearest 
adjacent hills at right angles. Seventy-two per cent of what 
was lost in a hill with two missing plants was recovered in the 
four nearest adjacent hills. Fifty-six per cent of what was lost 
in a hill with no plants was recovered in the four nearest adja-
cent hills. It is probable that this recovery also extends at 
least to the four nearest diagonal hills. 
24 An application of the law of chance to the random 
distribution of sound kernels shows : (1) When 75 per cent 
germinating seed is planted four per hill, 31.6, 42.3. 21.1, 4.6
and 0.4 per cent of the hills will contain 4, 3, 2 1, and no sound 
kernels respectively. These percentages were borne out by 
actual test. (2) If corn testing 65 per cent germination is 
planted at the rate of 4 kernels per hill, 17.8 38.5, 31.1, 11.1, 
and 1.5 per cent of the hills will contain 4, 3, 2 1, and no sound 
kernels respectively. (3) If corn is planted only half of which 
will grow, at the rate of 5 per hill, 3.1, 15.6, 31.3, 31.3, 15.6, and 
3.1 per cent of the hills will contain 5, 4 3, 2 1, and no plants. 
The actual distribution from a planter will vary some-
what fron1 the above figures for the reason that no mechanical 
planter will uniformly drop a given number of kernels. The 
use of low germinating seed corn requires a definite knowledge 
of the germination percentage which can only be accurately 
determined by a properly conducted gerrnina tion test . 
FREEZING INJURY OF SEED CORN 
T. A. KIESSELBACH AND .r. A . RATCLIFF 
INTRODUCTION 
Injury to corn for seed purposes by fr eezing in the fall is 
of frequent occurrence in Nebraska and thruout mnch of the 
corn producing area of the world. The underlying causes of 
such injury may be ( 1) late maturity and (2) abnormally early 
freezing weather. Late maturity may result from ( 1) late 
planting. (2) planting of unadapted varieties, and (3) peculiar 
weather conditions which do not favor early ripening. Undue 
early freezing may work similar injury to corn that would 
possess strong vitality under normal weather conditions. When 
subjected to a severe frost, immature corn suffers a partial or 
total loss of germinative power. 
The obj ect of the investigations in this bulletin has been 
to determine the conditions under which freezing injury may 
occur to seed corn; to indicate, if possible, the vital ch anges in 
the embryo r esulting in such injury ; and to point out ways by 
which seed corn of strong vitality and satisfactory yielding 
capacity may be obtained. 
CHARACTER OF THE CORN EMBRYO AND PROCESS OF 
GERMINATION 
The relation of the embrvo to the r emainder of the kernel 
of dent corn may be seen in Figures 1 and 2 which are vertical 
and cross sections respectively. The starchy and horny endosperm 
may be distingnished surrounding the embryo, which consists 
of the plunrnle, primary root, and scutellum. When placed 
under heat and moisture conditions proper for germination, 
enzymes are secreted by the scutellum of a viable corn kernel, 
which c01wert the food materials stored in the endosperm into 
form s which may be used for nourishing the young plant. 
In Figure 3 the pericarp or seed coat of a germinating 
kernel h as been removed to show the development which took 
place during 35 hours of favorable germination conditions. The 
root develops more rapidly than the stem. 
The effect of 20 hours additional germination is shown in 
Figure 4. Three secondary roots have started growth from the 
base of the plumule. 
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The differentiation of tissues and organs in the embryo 
of a mature kernel of corn is shown in Figures '5-8. Figure 5 is 
a cross section thru the plumule surrounded by the scutellum. 
It may be seen how the young leaves are closely fold ed or curled 
up within the plumule. Figures 6, 7, and 8 are vertical sections 
(1) 
(2) (3) 
Fig. 1- Vertical section of kernel of dent corn. 
Fig. 2-Cross section of kernel of dent corn. 
Fig. 3-Growth after 35 hours favorable germination. 
(4) 
Fig. 4-Growth after 55 hours germination showing secondary roots. 
l. The m a t eri a l from w hic h t h ese photographs we re tak e n w as s ecured 
from a y ellow va ri e t y of ordina r y d ent corn , R ogu e's Y e llow Dent. A ft e r s oa k-
ing severa l k e rne ls in w a t er for a b out 12 h ours, t h e scu te llums w e re r e moved 
a nd d ropped a t once into Bowan 's Pi c ri c formo l killing and fi x ing solu t io n. 
They r e m ai n ed in t h is solution fo r 10 h ou rs . W ashing w i t h 70 p er cent a lcohol 
w as the n begun a nd continued until t he m ate ria l a ppear ed whitis h a nd the 
a lcohol was n o longe r tin ted yellow. The m ateri a l was then d e h ydra t e d in 
85, 95, a nd 100 p e r c e n t a lcoh ol , a fter w hi c h i t was c leared b y bring ing it up 
thru t h e x y lo l series . T hi s c on s is t s of an a lcoholic dilution of x y lo l in the fol-
lowing prop ortio n s : (1) 1 pa rt x y lol, 3 p a rts a lcohol; (2 ) 2 p a r ts x y lol, 2 p arts 
a lcoh ol ; (3 ) 3 p a r ts xylol, 1 part a lcohol ; ( 4) p u r e x y lol. Infiltra tion wi th para ffin 
w as t h e n b egun by plac ing the m a t er ial , toge the r wi t h a s m a ll b lock of para ffin, 
in a b ot tl e of pure xy lo !. It r e m a in ed in thi s bottl e over n ig ht a nd w a s the n 
r e m oved to th e p a r a ffin bath , w here it r em a in e d fo r a bout 10 h ours, a nd was 
th en imbedd ed in p a ra ffin . Sect ions wer e m a d e of t his m a t er ia l in the usual 
w ay a nd fas t e n ed on s lid es. T he p a ra ffin was r e moved fr o m the s ec tions with 
x y lo l, a nd t h e xy lo l r e m oved with 95 p er cent a lcoh ol. Thi s pre pare d th e m for 
the s t a in , m e th y le n e blu e b e ing u sed. Th ey wer e sta ine d for a bout 2 minutes 
a nd t h e n d e h yd ra t ed in 95 a nd 100 p e r cent a lcohol , c lear ed with x y lol, and 
mounted in b a lsam. The materia l was the n ·in perm a n e n t form a nd could be 
s tud ie d unde r t h e m ic rosco p e a t a n y time. 
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Fig. 5 Micro-photograph of cross-section thru p lumule of corn 
embryo 
Fig. 6 (lower)-Vertical section thru plumule of corn embryo, showing 
leaf formation 
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Fig. 7 ( upper )-Micro-photograph of vertical section thru t h e m edial 
area between the plumule and root of a corn embryo. Origin of plu-
mule, primary root and secondary root are v is ible 
F ig. 8 (Jower)-Vertical section t hru the primary root of a corn embryo 
FREEZING INJURY OF SEED CORN 13 
respectively thrn (1) the plumule, (2) the medial area between 
the plumule and root, and (3) the primary root. The embryo 
is seen to be a miniature plant, with its vegetative organs fairly 
distinct. 
F R EEZING I NJ U RY NOT DUE TO ARRESTED DEVELOPMENT 
OF T H E E M BRYO 
The loss of vitality or lack of germinative power occasioned 
by autumn freezing is not due merely to arrested development 
of the seed. · There is much experimental evidence as well as 
general observa t ion that corn acquires the power of germina-
tion very early in the development of the kernels. Corn 
T ABLE l -Viability of corn harvested at various stages of 
maturity (1916-1917) 
Date of selection 1 Weight of 100 kernels Germination 
--- - --- --- - - - ---- - -----
1915 1916 1917 1915 1916 1917 1915 1916 1917 
==== --- --- - - - ---
Grams Grams Grams Per cent Per cent Per cent 
Aug. 22 Aug. 22 Aug. 11.2 15.4 10.0 66 83 92 
Aug. 29 Aug. 29 Sept. 16.0 19.7 15.4 88 94 94 
Sept. 5 Sept. 5 Sept. 11 18.9 22.3 20.0 89 94 99 
Sept. 12 Sept. 12 Sept. 18 23.0 25 .9 23 .8 95 96 99 
Sept. 19 Sept. 19 Sept. 25 27.0 28 .2 28.6 96 96 99 
Sept. 26 Sept. 26 Oct. 2 29.9 31.4 30.9 94 96 99 
Oct. 3 Oct. 3 Oct. 9 31.0 32.3 31.0 96 97 100 
Corn was in the milk stage a t the fir s t s elec tion each yea r. 
Three year average 
Date 
of Condition of grain Ratio wt. 
selection Days Weight of of embryo Germina-
since fertil- 100 kernels to wt. of tion 
ization3 kernel
(Grc:ms) (Percent) 
Aug. 24 Milk stage 20 12.2 .078 80 
Aug. 31 Late milk stage 27 17.0 .105 92 
Sept. 7 Roasting ear . 34 20.4 .110 94 
Sept. 14 Late roasting ear. 41 .103 97 
Sept. 21 Denting. 48 27.9 .106 97 
Sept. 28 Glazing. ..... . ... . . 55 30.7 .112 96 
Oct. 5 Mature. . . . .. . . ... . 62 31.4 98 
Data for 1917 only. 
3Pollina tion occurred on A ugust 1, Ju ly 31, a nd August 10, in 1915, 1916
a nd 1917 respectively. 
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harvested in the " milk '' stage has been found to give a fair per-
centage of germination , and a perfect germination may be 
secured from seed harvested in the early '·dough" stage. 
In the seasons of 1915 1916 and 1917 seed of Hogue's Yel-
low D ent corn was selected at successive stages of maturity. 
Immedia tely after being selected the seed was hung in a dry, 
airy p lace and th11s cured free from mould or other injury. It 
was tested for germination la te in the -n-inter after becoming 
air-dry. The r esults are sh own in Table 1. 
The average date of pollination d uring the three year s was 
August 3. This woul d indicate that the elate of fertilization of 
the ovules wa s August 4. The average date during the three 
years of the fi rst selection of corn was Augnst 24 which is 
approximately twenty days later than the elate of fertilization. 
This first selected seed which h ad but three weeks development 
af ter fertilization weighed onlv 39 per cent as much moisture-
free as the best matured seed. Never theless, in spite of this 
premature selection, the earliest gathered seed germinated 80 per 
cent on an average The moisture-free weights of 100 kernels 
for the successive selections were respectively 12.2, 17.0, 20.4, 
24.2, 27.9, 30.7 and 31.4 grams. The respective germinations of 
these seven lots of seed were 80, 92, 94, 97, 96 and 98 p er cent. 
The germinative ability of very immatu re corn does not 
appear to be, as is commonly believed, clue to mor e r apid 
growth and ea rlier maturity of the embryo than takes p la ce in 
the endosperm. The embryo does not matnre early with a 
later fil ling in of the endosperm . B 11 t rather both develop m 
approximately the sam e ratio as will appear in Table 2
TABLE Relative development of em bryo and k ernel of 
Hogue's Yellow Dent corn harvested at various stages of 
maturity (1917)
D ays Moisture-free weights of 
SamplE Condition Date s nee -----
number of grain of ferti liza- 100 lOO kernels Rat io of 
harvest tion of 100 em- without embryo 
kernel kernels bryos em bryo to kernel 
--- --
Grams Grams Grams 
1 Milk stage . Aug. 28 18 8.28 0.65 7.63 .0785 
2 Late milk st age . Sept. 4 25 13.45 1.41 12.04 .1048 
3 Roasting ear Sept. 11 32 17.54 1.94 15.60 .1106 
4 Late roasting ear Sept. 18 39 21. 17 2.18 18.99 .1030 
5 D enting . .. Sept. 25 46 25.10 2.67 22.43 .1064 
6 Glazing .... Oct. 2 53 28.04 3.12 24.82 .1117 
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For this test , grain harvested at the first six different 
stages of maturity in 1917 and described in Table 2 was used. 
The grain was soaked for a short time in water in order to 
fa cilitate an accurate separation of the embryo from the rest 
of the kernel. The r elat ive moisture-free weights of 100 r epre-
sentative kernels and their embr yos were determined for each
stage of maturity The moisture-free weights of 100 seeds for 
each stage were respectively 8.28, 13.45, 17.54, 21.17. 25 .10, and 
28.04 grams, while the moisture-free weights of the embryos 
were respectively 0.65, 1.41 , 1.94, 2.18, 2.67, and 3.12 grams. 
The r espective ratios of weight of embryos to total weight of 
Fig. 9--R epr esen tative kernels of H ague's Yellow Dent corn ha r vested at 
various stages of maturity in 1917. Top r ow shows the condition 20 
days a fter fe rtilization of ovule ; second r ow from top, 27 days ; third 
r ow from top, 34 days; four th row from top, 41 days; fifth row from 
top 48 days bottom row 55 days. See Table 2 
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kernel were .078, .105, .110, .103, .106, and .112. With the 
exception of the least ma tnre grain, the embryo bore practically 
a constant r elation to the whole kernel regardless of the stage 
of maturi ty. For the earliest selection the proportion of embryo 
was the lowest. This may be accounted for in part by the fact 
that the initial development of the kernel, prior to fertilization, 
is a greater factor in the r elative weights of the embryo and 
k ernel than at any succeeding time. 
When corn was harvested 27 days after fertilization, the 
scutellum measured 7 millimeters long and the germ from tip of 
plumule to tip of root was 5 millimeters long. For corn har-
vested 55 days after fertilization, the length of the scutellum 
was 9 millimeters, while the germ from tip of plumnle to t ip 
of root was 7 millimeters. 
MOISTURE CONTENT OF CORN 
Since the moisture content of corn is a factor in freezing 
injury, data were secured to determine the relative moisture 
content of the embryo and the endosperm. It was thought that 
this might help to throw some ligh t on the effect of freezing 
and might perhaps indicate where freezing does its greatest 
damage. T ests were made with both old and new corn, the 
r esults of which are given in Table 3. 
Old Corn The tests with the old corn were of a pre-
liminary nature. In order to insure differences in moisture 
content; the corn was divided into three lots and treated as 
follows : 
( 1) Lot 1 consisted of air-dry corn. 
(2) Lot 2 had been placed in a bed of cool, damp soil and 
allowed to remain for 24 hours. 
( 3) Lot 3 had been buried in cool, damp soil for 48 hours. 
The embryos were then separated from the endosperms of 
-all sa mples, and moi sture determinations made. 
The results indicate that in the air-dry condition, the mois-
ture conten t of the embryo is likely to be as low or lower than 
in the endosperm. The ratio of the moisture content of the 
embryo to that of the endosperm was 1.03. In the lot of seed 
buried in cool, damp soil for 24 hours, the embryos had taken 
up more moisture than had the endosperms. H ere the ratio of 
the moi sture content was 1.36 This difference increased in a 
still greater degree in the lot buried for 48 hours, the ratio here 
being 1.77. This repre_sents somewhat the condition of the 
kernels in the fall before having thoroly cured. 
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TABLE 3- R elative moisture content of embryo ancl endosperm 
Moisture content 
D 2scription of grain 
Ratio embryo 
Embryo Endosperm to endosperm 
OLD CORN Per cent Per cent 
Air-dry .. 7.91 7.6 1.03 
Emb 2dded 24 hours in moist soil 21.37 15.62 1.36 
Embedded 48 hours in moist soil 36.81 20.83 1.77 
N EW CORN
Selected from field before dry_ 31.1 24.1 1.29 
Same corn when practically air-dry 10.5 12 .9 0.81 
New Corn Twenty-five seed ears were selected in the fall 
before becoming well dried out. Twenty kernels were r emoved 
from each ear and th e relative moisture content of the embryo 
and endosperm determ ined, giving a ratio of 1.29. When this 
corn had become practically air-dry the ratio of the moisture 
content of the embryo to that of the endosperm was rednced 
t o 0.81. 
P HYSI C AL EFF ECT S OF F R EEZING 
I CE FORMATION IN KERNELS 
It is known that ice is form ed in kernels of immature corn 
when exposed sufficiently to freezing temperatures, and that 
death frequently follows such exposure. The temperature at 
which ice is formed within the corn kernel depend s very largely 
upon the moisture content of the kernel. For the most imma-
ture seed tested in these experiments, containing 60 to 80 per 
cent moi sture, the freezing point was only slightly below the 
freezing point of water On the other hand, no ice formation 
could be cletectecl in air-dry kern els or in kernels containing 
less than 18 per cent of moisture when subj ected to the lowest
temperature observed namely 10° F. below zero. 
During the freezing process, in case the moisture content 
was excessive the water seem.eel to be drawn from the ce1ls into 
the la rger spaces around the embryo and about the plumule, 
th.- primary root and the root sheath and doubtless into the 
smaller spaces between the cells. In these larger spaces, which
may be seen i.n Figures 1 2 5, 6, 7, and 8, the ice would form 
in a solid sheet around the ti ssues. In fact , when very moist 
kernels were exposed to the lower temperatures, the whole kernel 
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appeared to be a solid frozen mass. The open spaces in and 
around the embryo also appeared to be enlarged by the ice 
formation. 
Usually where ice was formed in the kernels, and remained 
in a frozen condition for practically 24 hours, the vitality was 
destroyed or weakened In a few cases, however, ice was noted 
and still the vitality of the kernel remained unimpaired. Ice 
form ation within the kernel, therefore. even when a coat is 
form ed around or partly around the embryo, does not neces-
sarily mean death The r etention of life depends quite largely 
upon the duration of the frozen condition. Data regarding the 
r elation between ice formation and injury are given in Tables 
5 to 12 In cases where the fr eezing was severe, frozen kernels 
were left in a soft, watery condition after thawing. The cells 
seemed to be unable to absorb the water which had b een drawn 
from them during the freezing process. 
EFFECT OF FREEZING ON COLOR OF EMBRYO 
The embryo in a kernel of immature or moist corn usually 
changes from a light or creamy color before freezing to a dark 
or yellowish brown after freezing. The larger the percentage of 
moisture the more sensitive the embryo to cold, and the more 
readily discoloration takes p lace. Corn containing 37 per cen t 
moisture and frozen three days at 0° F. showed a slight embryo 
di scoloration in three days and very pronounced darkening in 
six days after thawing. By looking over the notations regard-
ing embryo color in Tables 5 to 12 it will be seen that the dark 
color is very closelv correlated with loss of vitality . Generally 
where no loss of vitality resulted from the exposure to the cold,. 
the embrvo retained its normal color. The presence of both 
dark and light embryos on the same ear is associa ted usually 
with only a partial loss of vitality. and is frequ ently due to 
variationt   in rn moisture content of the kernels. 
The practice of judging the germinative power of seed 
corn bv the appearance of the embrvo therefore seems justified. 
When loss of vitality ha s resulted from freezing, this seems to 
be a fairlv sa fe guide. However, it seems possible that in
very exceptional cases, a loss of vitality might r esult from some 
other source without causing a discoloration of the embrvo. The 
method. therefore can hardly be said to take the place of a 
germinati on test. 
EFFECT OF FREEZING ON EMBRYONIC TISSUES 
Since ice is formed in kernels of immature corn when 
exposed snfficiently to freezing temperatures, often resulting in. 
FREEZING INJURY OF SEED CORN 19 
Figs. 10 and Micro-photographs of cross-sections of the primary root 
of frozen and unfrozen corn embryos respectively 
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death , the effect of such ice formati on upon the cell structure of 
the kernel embryo was studied It was thought that such micro-
scopic studies of frozen embryos might give some clue concern-
ing the cause of death by freezing. 
Figures 10 and 11 are microphotographs of cross sections of 
the primary root of frozen and 1111frozen corn embryos respec-
tively. The gr:1 grainrepresented by Figure 10 had been frozen for 
48 hours at a temperature of F. below zero and had a 
moisture content of 35 per cent. Figure 11 represents grain 
from the same ea r which had not been frozen. A large number 
of frozen and unfrozen grains were sectioned and examined 
microscopically No rupture of cell walls or other cytological 
effect of freezing and ice- formation within the kernels was 
appa rent. 
CHEMICAL E FFECTS OF F R EEZI N G 
Opportunity did 11ot offer for an exhaustive study of chemi-
cal changes involved in freezing injury Howe,·er , a n ordinary 
fodder analysis was made in triplicate of both frozen and un-
frozen immature grain A composite sample of shelled corn
conta ining 37 per ce nt moisture was divided into two par ts. 
One portion was dried immediately The other was frozen for 
three days at a temperature of 0° F. At the encl of three more 
days the embryos of the frozen grain had t11rned dark. This 
grain ws fried and both samples analized. The r esults are 
given in Table 4. The differences recorded are probably within 
the limits of experimental error. Donbtless some chemical 
change ha s taken place otherwise the tissues would not have 
darkened in color A germination test of the frozen and un-
frozen seed showed O and 100 per cent viability. 
T A BLE Composition of f rozen and unfro zen seed corn 
Composition of moisture-free grain 
Character of grain 
I 
Crude Nitrogen- Crude 
protein free extract Fat fibre Ash 
===== === = = == = ==== 
Per cent Per cent Per cent Per cent Per cent 
Unfrozen . . . . . 13.13 78.65 4.54 2.30 1.38 
Frozen. 12.94 78.61 4.63 2.37 1.45 
Ratio of unfrozen to frozen .985 .999 1.02 I 1.03 1.05 
These a na lyses w ere made unde r the direction of F. W. Upson, Station 
Chemist. 
PROBABLE CAUSE OF DEATH FROM FREEZING 
HISTORICAL REVIEW 
21 
There is no doubt b11 t that plant tissues, under certain con-
ditions, die as a resul t of freezing but just what freezing does 
to the vital part of snch tissues to bring about death is not 
fully understood The theories which have been advanced to 
explain death by fr eezing seem to lack suffi cient evidence to 
prove their correctness. Wide differences of opinion are held 
by various investigators r egarding the direct ca use of dea th . . At
the present time, therefore, any explanation of the phenomenon 
of death by freezin g must be considered as an expression of the 
probable cause and not as a definite statement of what actually 
happens. The theori es which have been advanced to explain the 
cause of death from freezing may be grouped as follows: (1) 
crushing of plant tissues or rupturing of cell structures (2) 
too rapid thawing (3) desiccation of the protoplasm, (4) 
physical and chem ical disorganizati on of the protoplasm and 
other cell contents. 
CRUSHING OF PLANT TISSUES OR RUPTURING OF CELL STRUCTURES 
As stated by Salm on ( 1917 the ea rly observers of ice for-
mation within plant tissues, kn owing nothing of the cellular 
structu re of plants attributed death from freezing to rending 
or crushing of the tissues
In 1737 Du Hamel and Buffon proposed that death r esulted 
from a rupturing of the cell wa!l s due to the expansion which
accompanies ice formation The same opinion was held by 
Geopert (1830) who discovered ice within the cells and also 
outside the cells in the intercellular spaces Sachs (18G0) found 
that ice was sometimes formed within the cells an d Muller
Thurgau (1886 ) concludes that ice is fo rmed within the cells 
only in case of very large size or very rapid freezing. 
Supercooling followed by ice formation, and very rapid 
cooling· are more injurious to plant tissues than slow cooling, 
according to Mez (1905). Neither supercooling nor rapid cool-
ing g ive the water in the cells t ime to escape and ice is, there-
fore formed within the cells. In each of the above cases where
ice was formed within the cells, whether it was the result of 
slow or rapid coolin g, or whether the tissues had been super-
cooled, the investigators seemed to think that the in crease in 
volum e probably worked some injury to the cell wall s. 
Plant tissues containing a large percentage. of water such 
as turgid leaves, . and young, growing twigs are especially sub-
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ject to inj injuryfrom ·ice formation. Wiegand ( 1906 found the 
upper and lower parts of leaves entirely separated by layers of 
ice, and also the outer layers of twigs separated from the inner 
by a sheet of ict' . The injur y resnlting from the freezing of 
green plants i--; due to the change in volume when the water in 
the plant freezes acco rding to Gassner and Grimme (1913), 
and not to any special effect upon the plant cells. The result 
of this increase in volume is a tearing of the tissues or a break-
ing up of the cell st ructure. This form of injury is r ecognized 
by Chandler 1913 as being entirely possible, for he speaks of 
the tearing of ti ssues due to the tension developed at low 
temperatures
While studying the influence of the temperature of liquid 
hydrogen on the germinative power of seeds, Thiselton-Dyer 
( 1899) suggest that the sudden vacu nm caused within the seeds 
by immersing them in liquid hydrogen might possibly produce 
physical ruptures which would weaken or destroy their vitality. 
Adams ( 1905 also mentions the possibility of injury from this 
source, but thinks the vacunm too small to be of any serious 
consequence He concludes, furth er , that the intercellular spaces 
in seeds a re very small, and that in moist seeds. after freezing 
has gone on for some time, these spaces become filled with a 
solid mass of ice. Then if the temperature is still further low-
ered, more ice is formed, and it is likely that complete rupture 
takes place causing a separation of the ce1ls from each other. 
TOO RAPID THAWING 
Many have thought that the phenomenon of death from 
freezing· is not due di rectly to freezing but to the rate or 
rapidi ty of thawing Sach s (1860) an early investigator, was 
an ar dent supporter of thi s beli ef, and for many years his work 
was considered conclusive. L ater, Miiller-Thurgau (1886) 
pointed out inaccuracies in his work and showed by experiments 
with a large number of plants that there was no difference in 
the amonnt of killing ,vheth er ti ssues were thawed rapidly or 
slowly except in th e case of ripe apples and pears. It was 
found also by Molisch (1897) and Chandler (1913) that in 
general the ra te of thawing is not related to the amount of kill-
ing at a given temperature the exceptions to this rule being 
the leaves of lettuce leaves of Agave americana, and ripe apples 
and pears In arguing against th e theory that plant tissues 
are kill ed by the rate of thawing rather than by freezing, 
Detmer (1 893 ) menti ons several mosses which can remain in a 
hard frozen condition for a long time without showing any 
FREEZING INJURY OF SEED CORN 23 
material damage after thawing whether the latter process 
takes place slowlv or suddenly. 
Coming back again to the belief held by Sachs, it is stated 
by Adams 1905 that during the freezing process water is 
drawn from the cells and solidified in the intercellular spaces, 
and that if freezing has not gone too far, and if thawing be 
gradual, the ice melts and is absorbed again by the cells and 
no injury results. In discussing the effect of freezing on culti-
vated plants, Galloway (1895) makes a similar statement. 
Brown and E scombe (1897-1898) while trying to determine the 
influence of very low temperatures on the germinative power of 
seeds, express the opinion that the vitality of the seeds was 
injured more by rapid thawing than by gradual thawing
DESICCATION OF THE PROTOPLASM 
Probably the most generally accepted theory of the cause 
of death from freezing has been, that death results from desic-
cat ion of the protoplasm when water is drawn from the cells 
into the intercellular spaces in the process of ice formation. It 
was early discovered that when plant tissues freeze, water is 
drawn from the cells and ice crystals are formed in the inter-
cellular spaces. Geoppert ( 1830) and Sachs ( 1860) both 
observed these phenomena but reached rather different con-
clusions as to the real cause of death. Geoppert thought that 
death resnlted as a direct effect of freezing and that death 
occurred while the tissues were still in a frozen condition; while 
Sachs thought that death occurred during the thawing process. 
That water is withdrawn from the cells during the process of 
freezing and that ice crystals are usually formed in the inter-
cellnlar spaces, and only rarely within the cells, was again 
declared by Mtiller-Thurgau (1886) and also by Molisch (1897); 
the latter observing the movement of water and the formation 
of ice crystals in plant tissues under the microscope. Both of 
these men were of the opinion that death from freezing is due 
to the withdrawal of water from the cells, and that it 1s essen-
tially the same thing as death from desiccation. Muller-
Th11rgau went so far with his work as to determine the amount of 
water drawn from cells by freezing. For apple he found that at 
a temperature -13 degrees C., 63.7 per cent had been lost, and 
at -15.2 degrees C., 79.2 per cent of the water had passed from 
the cells. 
In regard to the effect which the removal of water may 
have upon the cell contents. Wiegand (1906) thinks it is proba-
ble that death from freezing is caused by drying out of the proto-
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plasm beyond the critical water content . Maximow 1908
agrees with Muller-Thurgau and Mo1isch in tha t the withdrawal 
of water during th e freezing process is the killing factor He 
conclndes, however that th e withdrawal of water is limited to 
the pl asma mem brane, a nd that this membrane is the part of the 
cell which is injured and that as long as a film of water can 
be kept in contact with this membrane no injury takes place. 
Matruchot and Molliard (1901) also beli eved that water was 
drawn from the protopl asm and nuclear material of the cell in 
the process of fr eezing and that this continned until thev con-
tained less than th e minimum required to maintain vitality
Protoplasm, in order to retain its vitality according to Ewar ts 
(1897 ). r equires from 2 to 3 per cent of water Adams (1905) 
contends that if th ese theori es be true the same argnment should 
h old for drv seeds which contain about 12 per cent of water. 
But dry seeds are not killed by freezing. H ence some other 
explanation must be found. 
PHYSICAL AND CHEMICAL DISORGANIZATION OF THE PROTOPLASM 
AND OTHER CELL CONTENTS 
Many who have sought to determine the cause of death by 
freezing h ave conclud ed that freezing produces certain physical 
and chemical changes in the protoplasm and other cell contents, 
and that these changes result in death of the living matter. In 
harmony with this view. Detmer (1893) states. "In conseqnence 
of the clisorganization of the protoplasm the cellular fluids leave 
the plasma ; at the same time the nature of the hyloplasmic 
layers undergoes a complete change and thev are now pervious 
to many substan crs whi ch in a normal condition they did not 
permit to pass. This is the causee of th e discoloration of frozen 
plants and of the phenomenon that pieces of frozen red beet
if pu t into water , r eadily part with coloring matter and sugar. 
while the living cells tenaciously r etain these substances." 
Becqu erel (1905) in studying the action of liquid air on the 
life of seeds, found that if sufficient moi sture was present in the 
tissues the cold disorganized the protoplasm and nuclens, mak-
ing germination impossible. Galloway (1895) also contributed 
to thi s sam e idea, for he concluded that a freezing temperature 
may be sufficiently low to cause a chemical disorganization of 
the Ji ving substance and that the part of the plant where this 
takes place dies. Gorke (1906) and Schaffnit (1912) both 
found that freezing precipitated certain proteids from the cell 
sap and that the ease with which these proteids are precipitated 
bears some relation to the hardiness of the plant. Precipitation 
of the proteids, therefore, according to th eir interpretations, is 
the cause of death Chandler (1913) however, does not agree 
with thi s. H e found no precipitation of proteicls in the sap of 
young twigsigs of apple plum , or pear and only slight traces of 
it in other pl ants. H e calls attention to the fact, h owever, that 
frozen plant tissues soon after thawing, take on a brown color 
and a soft watery cond ition, and that evaporation goes on mu ch 
more r api dly from the surface of such tissues than it does from
the surface of similar tissues which have not been frozen. 
PERSONAL INTERPRETATION 
One of th e objects of the experiments reported in this 
bullletin was to determine the effect of freezing upon the cellular 
structure of the corn kernel and especially of the embryonic 
tissues, for the purpose of indicating the true canse of death 
resulting from freezing It was tho ught that if death was due 
to some mechan ical injury to the tissues or to disorganization of 
the cellular material it would be indicated by a separation of 
th e cells from each other , or by broken down cell walls, or by a 
difference in the appearance of the cell contents. With this idea 
in mind , careful studies were made both of froz en and unfrozen 
sect ions of embryon ic material permanently mounted and 
stained sections being used. Mechanical injuries of the cell 
structure or rupt uring of the tissues were sought for with con-
sidera ble care as i t was thought th at these probably were the 
primary cau ses of the loss of vitality. 
No such injnries were found, however, in the embryonic 
tissues of the kernel It was thought , then, that if such in -
ju ries result at all from freezing, they shonld occnr in the tender 
tips and stems of young corn seedlings. Sections of frozen 
tips and stems of such material were therefore, studied. Even 
in this tender rapicllv growing materia l no rupturing or break-
ing down of the cellular structure conld be detected. However, 
from the observations of Wiegand (1906), Chandler (1913), and 
others, there can be no doubt but that a rupturing of plant 
tissues sometimes results from freezing; but from the evidence 
at hand , it must be concluded that death from freezing is not 
due to mechanical injuri es but to some other cause. 
The protoplasmic and nuclear material of the cells of 
frozen and unfrozen ti ssues were studied microscopica lly; the 
same material being used for this as was used whi le searching 
for mechani cal injuries. So far as wa s observed, no disorgani-
zation or change of appearance was detected. It should be 
stated here. however that observations of the cellnl ar material 
were not very extensive and the material used for study had 
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been placed in the· ki lling and fixing solution while still in a 
frozen condition. It is probable, therefore, that killing took 
place before there cou ld be any material readjustment of the 
living matter. It was thought, however, that the change in 
color of embrvonic ti ssues and other plant tissues and the soft 
watery condition characteristic of all tissues which have been
frozen to death indicates that some physical or chemical change 
has been brought about. Even tho the change in color of the 
embryo of a corn kernel after freezing may be due to the 
action of some enzyme or of bacteria, the fact remains that a 
change has been effected which makes possible such action. The 
instance cited by Detmer ( 1893) of pieces of frozen red beet 
giving up their coloring matter and sugar when placed in 
water, while these substances are tenaciously retained by the 
unfrozen material, adds some evidence of a physical or chemical 
change. The soft, watery condition of plant tissues after freez-
ing also appears to be the result, at least in part, of disorganiza-
tion of the cellular material, and not entirely to a withdrawal of 
the water from the cells. That this is true is drawn from the 
observations of .Muller-Thurgau (1886) and Mez (1905) r e-
garding the formation of ice within the cells when the tissues 
are supercooled or frozen rapidly. If the extraction of water 
from the cells was the only cause of the watery condition in 
question, tissnes which are frozen rapidly or supercooled, so 
that crystalization takes place largely in the cells, should not 
exhibit this condition. But this water-soaked condition is 
characteristic of frozen tissues whether the freezing has been 
done rapidly or slowly. 
Altho chemical changes have not been established by 
chemical analysis, it seems certain that changes take place 
within the protoplasmic and nuclear contents as a result of 
freezing and that these changes make it impossible for the 
processes of life to continue. 
The withdrawal of water from the cells by freezing has 
been considered bv many as the cause of death. It was noted 
that in moist corn kernels water was withdrawn from the 
tissues and ice formed in ma sses and sheets in space surrounding 
or separating different ti ssues, and that death usually accom-
panied such ice formation. It wa s also noted that air-dry corn, 
which contains from 10 to 12 per cent of moisture, was not 
frozen, at least its vitality was not injured and according to 
the observations of Brown and E scombe (1897-8), Adams (1905), 
Thiselton-Dyer (1899), and others it was not injured even when
exposed for several honrs to the temperature of liqmd air or 
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liquid hydrogen. According to Miiller-Thurgau (1886) apples 
lost 63.8 per cent of their moisture when frozen at --4.5 degrees 
C.; 36.2 per cent of the total water, therefore remained in the 
cells. Kernels of corn which contain a large percentage of 
water will freeze at this temperature and die. If the moisture 
content of the cells of a kernel of corn were reduced to 30 or 
even 20 per cent at this temperature, the vitality should remain 
uninjured, so far as moisture is concerned. Dry seeds contain 
only 10 to 12 per cent of moisture, yet they retain their vitality, 
and a still further rednction in the moisture content can be 
made without injury. Ewarts ( 1897) shows that the fatal 
minimum moisture content of protoplasm is 2 or 3 per cent. 
The theory is, then, that as the cooling goes on, more and more 
water is ·withdrawn nntil less than this amount remains in the 
cell. and death results. This should also hold true for dry 
seed which contain 10 or 12 per cent of water, but these are not 
injured by such freezing. An example may also be taken from 
Table 9 where corn containing 20.5 per cent of moisture was 
entirelv killed while corn containing 16.3 per cent of moisture 
showed no injury. The freezing evidently did not reduce the 
moisture content in the former case more than 2 or 3 per cent, 
yet th e vitalitv was destroyed. It does not seem probable that 
the removal of so small an amount of water would cause death. 
It seems more probable. however that the small difference in 
moisture content was sufficient to permit disorganization of the 
protoplasm in the one case, while in the other it remained 
unaffected. 
The rate of thawing and its relation to killing was not 
studied. The results which have been obtained and reported by 
Miiller-Thurgau ( 1886) . Molisch ( 1897) , and Chandler ( 1913) 
seem to indicate quite clearly that it has very little to do with 
the amount of killing. It can hardly be considered, therefore, 
as an important factor in bringing abont the death of frozen 
tissues. 
EFF ECTS OF FREEZING UPON T HE VIABILITY OF SEED CORN 
Ordinary freezing temperatures do not injure matnre. dry 
corn . but it is always the immature or damp corn that is injured 
by freezing. It was proposed, therefore, to determine at what 
temperature freezing and loss of vitality take place in corn at 
different stages of maturity as indicated by differences m 
moisture content. 
The effect of freezing upon the germinative qualities of 
seed corn has been tested experimentally under two sorts of 
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conditions : ( 1) Artificial freezing under control conditions ; 
and (2) natura l freezing of corn standing in the field under 
prevailing natural conditions. 
VITALITY OF CORN FROZEN UNDER CONTROL CONDITIONS 
APPARATUS 
The low temperature used in these experiments were secured
nnder control conditions bv the use of a freezing mixture of 
salt and ice By mixing the salt and ice in the proportion of 
one part of salt to two parts of ice a temperature of -5° F . 
was secured In ord er to secure the various ranges of tempera-
tu r e and to maintain those temperatnns fo r several hours two 
different devices were nsed. 
F or temperatures above zero , an insu1a fa c1 freezing box was 
made The essential parts of this box are ( 1) A compartment 
for containing the freezing mixture. This was la rge enough 
to hold about two hundred pounds of crushed ice. (2) A com-
partment for containing a strong salt solution and a freezing 
cell This compartment or chamb?r was large enough to hold 
twentv gal lom of brine. (3) A freezing cell into which the 
materia l was put for freezing This cell wa s cylindrical in 
shape 5 inches in diameter and 18 in ches deep with capacity
for sections fr om 30 ears of corn . ( 4) A seri es of connected 
cells in the freezing mixture compartment This seri es of cells 
wa s connected with the brine chamber in such a way as to allow 
the cells to fill with brine. (5) A pump for circulating the 
brine thru the cell s amd back into the brine chamber. (6) A 
thermometer to indicate the temperature in the freezing cell
The working principle of this device wa s somewhat as 
follows : The freezing mixture of sa lt and ice was packed 
around th e series of brine cells. Thi s reduced the temperature 
to 0° F. or below in this chamber, and cooled the brine in the 
cells. The brine wa s made strong enough so tha t it would not 
freeze at this temperature. The corn wa s then placed in the 
freezing c:ill , the li d closed, and the thermometer inserted. 
When all was r eady, the pump operated by an electric motor, 
was started and the chilled brine from the series of cells was 
forced into the large brine chamber and other brine drawn into 
the cells to cool. By thi s method the twenty gallons of brine 
was gradually cooled to the desired temperature. As soon as 
the desired temperature was secnred , the pump was stopped. 
The large volume of brine which surrounded the freezing cell 
maintained a comparatively even temperature in the latter for 
several hours. 
C 
Fig. 12- F reezing appara tus 
a. Connected cells in which salt solu tion circulates 
b. Spaces between cells where freezing mixture is placed 
c. P lace wh ere freezing cell is inser .ted 
d. Compar tment conta ining salt solution 
e. Lid with hole for insertin g thermometer • 
f . Freezing cell 
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PROP E RTIES OF SOLUTION OF SALT J. E. Siebel, Compend
of Mechanical Refrigeration and Engineering 
Pounds of salt Weight Freezing 
Percentage of salt by weight per gallon of per gallon point 
solution 39 °F. Fahrenheit 
(Pounds) (Pounds) (D egrees) 
0 . . . . . . . . . . . .. . . . . . . . . . . . . . 0 8.35 32 
1 . . . . . . . . . . . . . . . . . . . . . . .. . . 0.084 8.40 30.5 
2. . . . . . . . . . . . . .. . . 0.169 8.46 29.3 
2.5 .. . . . . . . . . . . . . . . . . . . . . . . . . 0.212 8.50 28.6 
3 .... . . . . . . . . . . . . . . 0.256 8.53 27 .8 
3.5 . . . . . . . . . . . . . . . . . 0.300 8.56 27 .1 
4. . . . . . . . .... .. . . .. . . . . . . 0.344 8.59 26 .6 
5. . .. . . . . . . . . . .. . . . . 0.433 8.65 25.2 
6 . . .... ... . . . . 0.523 8.72 23.9 
7. . . . . . . . . . . . . . . . . 0.617 8.78 22.5 
8 . . . . . . . . . . . . . . . 0.708 8.85 21.2 
9. 0.802 8.91 19.9 
10. 0.897 8.97 18.7 
12. . . . . . . . . . . . . . . . . ... . . . 1.092 9.10 16.0 
15. . . . . . . . . . . . .... ... 1.389 9.26 12.2 
20 . . . ......... . . . . . . . 1.928 9.64 6.1 
24 .. . . . ....... . . . . .. . 2.376 9.90 1.2 
25 . . .. . . ...... . . . . . . . .. . . 2.488 9.97 0.5 
26. 2.610 10.04 - 1.1 
For securing the temperatures below zero a different sort 
of device was used. This consisted simply of a barrel with a 
small keg placed inside of it. The space around the keg was 
filled with sawdust. The freezing cell from the other apparatus 
wa s placed in the keg and the freezing mixture packed around 
it until the keg was full. It was then covered well with burlap 
and a tight lid put on the barrel. By this method a tempera-
ture of -5° could be maintained almost constant in the freezing 
cell thruout the twenty-four hours. 
After the corn was frozen it had to be dried quickly in 
order to keep it from becoming mouldy. A screen wire box 
was therefore, provided in which the corn could be cured . Th.is 
box was placed in a warm dry room and near a south window 
where the breeze could strike it. This arrangement was found 
to be satisfa ctory, as the corn dried within a few days
SELECTION OF MATERIAL 
In order to facilitate the selection of material for the freez-
ing tests, four plots of corn were planted. The first one was 
planted ea rly and the other three at successive intervals of ten 
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days each. The same variety of corn (Rogue's Yellow Dent) 
was used for each planting. Thus ear s of the same variety but 
of different degrees of maturity could easily be selected at any 
one time in the fall. As soon as the ea rly planted corn was 
well matured selecti ons were made from each plot. These 
selections included ears r epresenting four stages of maturity. 
The first stage wa s green corn, mnch greener than would ever 
be selected for seed. In fact, this represented the "roasting 
ear " stage of development The ears of the fou rth stage were 
the most mature ones that could be fo und in the field at the 
time. The starchy part of the kernels was beginning to appear 
dry and mealv when cut with a knife. The horny part of the 
kernel s also had begun to appear hard and brittle. As the 
season advanced the corn secured for the fourth stage became 
drier and more mature, while the selections for the first stage 
remained very much the same thruont the season . The second 
and third stages r epresented intermeclia te degrees of maturity 
between the first and the fourth. 
METHOD OF H A NDLING 
The ears selected were taken at once from the field and 
treated in the following manner: (1) A par t of the tip was 
removed and discarded . (2) Each ea r was divided into three
sections. The section next to the tip was used for a moist moisture
test and the adj acent section for an immediate freezing test
The remaining part of the ear was stored in a dry, airy place 
where i.t would han a chance to cure thoroly. This part to-
gether with the frozen section was kept in storage for four or 
five months. At th e end of that time germination tests were
made. 
MOISTURE TESTS 
Moisture tests were made of the gra in on each ear. The 
samples weredried at 100° to 110° C., and the percentage of 
water was calcnlated, using the green weight as a basis. In 
all ca ses the sample for the moisture determination was taken 
next to, or from the part of the ear which was to be subj ected 
to the freezing temperature. The percentage of moisture thus 
secured represented very closely the actnal moisture content of 
the corn placed in the freezing test. 
SUBJECTION TO FREEZI N G TE M PERATURE S 
Ears r epresenting the four stages of maturity were sub-
jected to different ranges of freezing temperature for a period 
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of twenty-fourhours That is, one lot of ears consisting of four 
or five from each stage of maturity was subjected to a tempera-
ture ranging from 28 ° to 32° F. A similar lot wassubjected to 
a range from 20° to 24° F.; another from 12° to 16° F.; another 
from 4° to 8° F.; and sti ll another from -5° to 0° F . The 
ea r s were placed in the freezing chamber within a n hour or 
two after bei11g brought from the fi eld. The temperature was 
then lowered to the desired degree as quickly as possibl e. For 
the higher temperature and for th e range below zero from one 
to two hours were required while for the intermediate tempera-
tures three to four hours were required. The difference in 
length of time wasclue to the difference in the degree of cold 
and in the apparatus 11sed. After exposure to the cold, no 
attempt wasmade to bring th e co rn gradually to a high er tem-
perature but it was removed from t he freezi ng chamber and 
exposed at once to th e air temperature It wasthen placed in 
a screen wire box which wa s set in a warm dry airy place. 
H erc th e ears dried quickly so that but little loss from damp
or mouldy seed was experienced All freezingtests except those 
in a special experiment in 1916 were made with ear corn from 
which the hu sks had been remo ved. 
GERMINATION 
After the samples had been subj ected to freezing tempera-
tures and had remained in storage until thoroly cured, ger-
mination tests were made from each section The corresponding 
section from the same ea r which had not been exposed to the 
freezing temperature was placed in germination test at the same 
tim e. T he percentage germination of the latter serves as a 
standard with which th e germinative ability of the exposed 
part may be compa red, or by which the effect on vitality of 
exposure to the low temperatures may be measured
The germinat ion tests were made between blotting papers 
on moist sawdust Wet burlap was 11 sed as a covering over the 
blotting paper The germination boxes were pla ced in a warm
incubator having a temperatu re of 30° C. and allowed to r emain 
fo1· six days when the counts were made The germination 
percentages unless otherwise sta ted mean perfect germi nation 
with prospects for normal development
OBSERVATION OF ICE IN SEED 
Because of the supposed relation between the formation 
of ice within plant ti ssnes and death by freezing, observations 
were made regarding the temperature at which freezing actua lly 
FREEZING INJURYOF SEED CORN 33 
occu r s m corn conta ining different amounts of moisture. By 
freezing is meant h ere, the formation of ice crystals within the 
kernel. The observation was made by cutting thru the small 
end of the kernel, and by scraping the cut surface or by 
digging in and around the embryo with a knife. The observa-
tion was made immediately after removing the sample from the 
freezing chamber. 
The occurrence of ice crystals was not noted in all of the 
tests. In those tests wher e notes were taken all of the ear s were 
exam ined . In the tables, the presence or absence of ice in all 
cases where examinations were made is indi cated. It was very 
difficult to detect the ice in the samples of low moisture content 
because of the small amount present and because of rapid 
th awing. There is a possibility, therefore, that ice crystals m ay 
have been present in some of th e samples and yet escaped detec-
tion. The presence of ice is discussed in connectoin with the 
following investigations. 
COLOR OF E M BR Y O 
Notesotes were also taken regarding the color of the embryo 
at the time when the germination tests were made. The color 
was designated as ei ther dark or light. The light color r epre-
sents the natu ra l color of a normal embryo. On the other 
hand. a da rk or brownish color is quite characteristic of a 
frozen embryo. In a number of cases a part of the kernels on 
an ea r wonlcl have a dark embryo and part of them a light 
embryo. Usuallyv this condition was found to be associa ted with 
only a partial loss of vitality. 
For convenience of comparison , all ears which were sub-
jected to a given range of temperature are grouped in the tables 
according to moisture content, a ra,nge of 5 per cent being 
al lowed for each group. In all cases wher e there were more 
than one sample in a given moisture range an average for the 
group 1s given
RELATION BETWEE N M OISTURE CONTENT AND INJURY AT VARIOUS 
DEGREES OF FREEZING 
F R EEZING AT TEMPERATURE RANGE OF 32° TO 28° F . 
The data for all the samples frozen at the temperature 
range of 32° to 28° F. are given in Table 5. It would seem 
from the data in this table that the vitality of corn with a high 
moisture content may be seriously injured or almost totally 
destroyed by such a light freezing as is r epresented by the above 
temperature range when prolonged for a period of 24 hours
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T ABLE Effect of freezing temperatures on germination of 
corn differing in moisture content (1913 and 1914) 
T emperature range 32 ° to 28°F
I Germination 
Moisture Moisture Ice Embryos dark 
in grain Frozen Ratio 
observed or light range Normal of normal in grain grain grain to frozen 
- - --
Per cent P er cent Per cent P er cent 
{ 84.3 0 0 0:0 * Dark 80 to 85. 80.7 0 0 0:0 * Dark 
Average . . 82.5 0 0 0:0 
{ 72.1 100 0 
100 :0 Ice Dark 
70to75. 71.8 100 0 100:0 Ice Dark 
71.0 100 0 100 :0 * Dark 
Average .. 71.9 100 0 100 :0 
69.2 20 0 100:0 * Dark 
69.2 100 0 100:0 * Dark 
68.4 100 0 100:0 * Dark 
65 to 70 . 68.3 87 0 100:0 Ice Dark 67.2 100 20 100:20 * Dark 
66.5 100 0 100 :0 I ce Dark 
66 .2 100 0 100 :0 Ice Dark 
65.2 100 0 100:0 * Dark 
Average . 67.5 88.4 2.5 100 :2 .8 
{ 62.8 100 0 100:0 * Dark 60 to 65 .. 61.1 100 0 100:0 * Dark 
Average .. 62.0 100 0 100:0 
59.7 100 50 100:50 * * 
57.7 100 0 100 :0 * Dark 55 to 60 . . 56.6 100 30 100:30 * Light 
55.2 87 37 100:43 Ice Dark and light 
Average . . 57.6 96 .8 29 100 :31 
I 54.7 90 75 100 :80 Ice Dark and light 
54.0 100 0 100:0 * Dark 
50 to 55 . 53.9 100 0 100:0 Ice Dark 
52.3 100 · 87 100:87 Ice Dark and light 
51.2 100 0 100 :0 Ice Dark 






*No obser vation s made. 
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TABLE 5 Effect of freezing temperature on ger-
mination of corn differing in moisture content (1913 and 1914) 
T emperature range 32° to 28 °F. 
Germination 
Moisture Moisture Ice 
Ratio observed Embryos dark range in grain Normal Frozen of normal in grain 
or light 
grain grain to frozen 
P er cent P er cent P er cent Per cent 
45.8 100 100 . 100:100 * * 
44.1 100 100 100:100 * * 
40to45 . 44.1 100 40 100:40 * Dark 
44.0 100 40 100 :40 * Dark 
42.4 75 50 100 :67 None Light 
Average. 44.1 95 66 .0 100:69 
39.5 100 55 100 :55 * Light 
38.9 .100 20 100:20 * Dark 
38.7 60 60 100:100 * Light 
38.6 100 50 100:50 * * 
37.1 100 58 100:58 * Light 
35 to 40 . 36.3 100 80 100 :80 * Light 
36.1 100 85 100:85 None Light 
35.9 100 87 100 :87 None Light 
35.8 100 100 100 :100 * Light 
35.6 100 100 100:100 * * 
35.1 100 100 100 :100 * Light 
Average . 37.1 96.4 65 100:71 
33 .7 100 100 100:100 * * 
30to35 . 33.1 90 35 100 :39 N one Light 30.6 100 100 100:100 * Light 
30.3 100 60 100:60 * Dark and light 
Average . 31.9 97.5 •73.8 100:75 
I 
28.3 100 100 100:100 * * 
28.2 100 80 100:80 * Light 
28.1 60 60 100:100 * Dark 
27.8 100 100 100:100 * Light 25 to 30 . 27.3 100 87 100:87 None Light 
l 27.3 80 80 100:100 * Light 26.4 100 20 100:20 * Dark and light 25.7 100 100 100:100 * Light 
Average. 27.4 92.5 78.4 100:85 
I 
*No obs ervation s made . 
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TABLE5 Effect of freezing temperatures on ger-
min ation of corn di ffering in moisture content (1913 and 1914
Tempera ure range 32 ° to 28°F
Germination 
Moisture Moisture Ice Embryos dark 
Ratio observed range in grain Normal Frozen of normal in grain 
or light 
grain grain to frozen 
------ --
P er cent P er cent Per cent Per cent 
21.4 100 100 100:100 * * 
21.2 100 100 100:100 * Light 20 to 25 20.3 100 100 100:100 * * 
20.1 100 100 100:100 * Light 
Average . 20.8 100 100 100:100 
*No observa tion s n1 ade . 
The ear s with th e lowest moisture content were uninjured, 
while many of those of intermediate moisture content showed 
more or less loss of vitalitv. It will also be noted that ice
crystals were found in the kernels containing 50 per cent or 
more of moi sture. while no ice was noted in kern els containing 
less than this amount
All kernels with high moi sture content showed dark 
embryos. The change in embryo color and in ice fonnation to 
no ice, together with the germination tests, seems to indicate 
that the transition from a critical moisture content to one where
little or no injury resulted took place between 50 and 40 per cent. 
T E MPERATU RE 24° T O 20° F . 
Table 6 contains th e data for all the freezing tests in which 
the temperature ranged from 24° to 20° F . The same observa-
tions were made as for the previous range of temperature. By
comparing the germination of the normal and of the frozen 
grain in this table with those in Table 5, it may be seen that 
the exposure to this range of temperatnre is fatal to corn of 
lower moi sture content than was the tern.peratnre of 32° to 28° F . 
Even cor n rontainin12· as low as 26 per cent of moisture showed
some ice. Discoloration of embryo is more pronounced, and the 
transition from a fatal moisture content to one not fatal seems 
to have occurred between 35 and 28 per cent. 
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TABLE 6-Effect of freezing temperatures on gi rmination of 
corn differing in moisture content (1913 and 1914) 
T emperature range 24 to 20°F
Germination 
Moisture Moisture 
Ice Embryos dark Ratio observed range in grain Normal Frozen of normal in grain or light grain grain to frozen 
= = = ===== 
P er cent P er cent Per cent P er cent 
100 0 100:0 * Dark 
75to 80 .. 100 0 
100:0 * Dark 
62 0 100:0 Ice Dark 
75.7 75 0 100:0 I ce Dark 
Average. 76.8 84.2 0 100:0 
{ 73.5 100 0 
100:0 * Dark 
70 to75 . 70.6 87 0 100:0 I ce Dark 
70.2 100 0 100:0 * Dark 
Average . . 71.4 95.7 0 100:0 
65to70 .. 68.8 100 0 100:0 Ice Dark 
{ 61.5 100 0 100:0 Ice * 60to65 .. 60.4 I 100 0 100:0 Ice Dark 
Average . 61.0 
I 
100 0 100:0 
{ 
58.9 100 0 100:0 * Dark 
55 to 60 . 58.6 100 0 100:0 * Dark 
57.4 100 0 100:0 Ice D ark 
Average. 53.3 100 0 100:0 
50 to 55 . { 53.9 100 0 100:0 Ice D ark 51.3 100 12 100 :12 Ice Dark 
Average . 52.6 100 6.0 100 :6 
{ 49.6 100 25 100 :25 I ce * 45 to 50 . 45.1 100 0 100:0 I ce Dark 
Average. 47.4 100 12.5 100 :12 
43.1 100 25 100:25 Ice 
44.9 100 0 100:0 Ice Dark 
40to45 .. 42.4 100 37 100:37 Ice Dark and light 42.0 100 0 100:0 * Dark 
l 41.7 100 0 100:0 * Dark 41.0 100 12 100 :12 Ice D ark 
Average. 42.5 100 12.3 100:12 
*No observa tion s m a d e. 
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TABLE 6 Effect of freezing temperatures on ger-
mination of corn differing in moisture conten t (1913 and 1914) 
T emperature range 240 to 2 °F. 
Germination 
Moisture Moisture I ce Embryos dark 
range in grain Ratio observed or light Normal Frozen of normal in grain grain grain to frozen 
Per cent P er cent P er cent Per cent 
40.0 100 0 100:0 Ice * 
35 to 40 39.4 100 0 100 :0 * Dark 
35.5 100 40 100:40 * Light 
Average 38.3 100 13 100:13 
{ 33 .8 100 0 100:0 * Dark 30 to 35 30.9 100 100 100:100 None * 30.7 100 100 100:100 None * 
Average . 31.8 100 66.6 100 :67 
28.8 100 20 100 :20 * Dark 
28.8 100 75 100:75 Ice Dark 
28.3 100 50 100:50 Ice Dark and light 
25 to 30 27.5 100 100 100:100 None * 
27.4 100 100 100:100 * Light 
27 .1 100 100 100 :100 * Light 
26.2 87 87 100:100 Ice Light 
Average . 27.7 98.1 76.0 100:77 
{ 
22.6 100 100 100:100 * Light 
20to25 . 22.1 100 87 100:87 None Light 
20.4 100 100 100 :100 None * 
Average . 21.7 100 95.7 100:96 
15to20 . 17.0 100 100 100:100 * Light 
I 
*No o bse n ·a tions made. 
TEMPERATURE RANGE 16 ° TO 12° F. 
The data for the corn subj ected to a temperature ranging 
from 16 to 12° F. are given in Table 7. It will be noted from 
this table that the fatality range is very much the same as 
for the temperaturet  r e of 24 ° to 20° F. , but runs somewhat lower. 
Samples containing 33 per cent or more of moisture were killed 
by the 24-hour exposure to this range of temperature; the 
embryo generally showed a dark color, and ice formation was 
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TABLE 7- Eflect of freezing temperatures on germination of 
corn differing in moisture content (1913 and 1914) 
T emperature range 16 ° to 12 °F . 
Germination 
Moisture Moisture Ice Embryos dark 
range in grain Ratio observed or light 
Normal Frozen of normal in grain 
grain grain to frozen 
Per cent P er cent P er cent Per cent 
65to70 . 67.2 100 0 100 :0 Ice * 
60to65 . 61.8 100 0 100:0 * Dark 
55 to 60 . 60.0 100 0 100:0 Ice * 
50 to 55 . 54.6 100 0 100:0 * Dark 
48.9 100 0 100 :0 * Dark 
47.7 100 0 100:0 Ice * 
45 to 50. 48.5 100 0 100:0 * Dark 
47.6 100 0 100 :0 * Dark 
46 .2 100 0 100 :0 * Dark 
Average . 48.0 100 0 100:0 
40 to 45 . 44.5 80 0 100 :0 * Dark 
39.6 100 0 100:0 * Dark 
35 to 40 . 38.5 100 0 100:0 * Dark 
36.8 100 0 100:0 * Dark 
35.9 75 0 100:0 Ice * 
Average . 37.7 93.8 0 100 :0 
34.6 100 0 100 :0 * Light 
34.1 100 0 100 :0 Ice * 
30 to 35. 33 .2 100 0 100:0 * Dark 
31.5 100 60 100:60 * Dark and light 
31.2 100 0 100:0 Ice * 
Average . 32.9 100 12.0 100:12 
29.7 100 20 100 :20 * Dark and light 
28.9 100 0 100:0 * Light 
26.5 100 100 100:100 * Light 
25 to 30. 26.4 100 60 100:60 * Dark and light 
26.4 100 60 100 :60 * Light 
26.1 100 0 100:0 None * 
26.0 100 0 100:0 * ·Dark 
Average . 27.1 100 34.3 100:34 
I 
*No obser vations made , 
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TABLE 7 Effect of f reezing temperatures on ger-
mination of corn diflering in moisture content (1913 ancl 1914) 
Temperature range 16 ° to 12 ° F. 
Germination 
Moisture Moisture Ice Embryos dark 
range in grain Ratio observed or light 
Normal Frozen of normal in grain 
grain grain to frozen 
Per cent Per cent Per cent Per cent 
24.4 100 40 100:40 * Light 
23.9 100 100 100:100 * Light 
22.7 100 100 100:100 * Light 
22.1 100 100 100:100 * Light 
20 to 25 21.5 100 100 100:100 * Light 
21.4 100 100 100:100 * Light 
21.0 100 100 100:100 * Light 
20 .8 100 100 100:100 * Light 
20.8 100 50 100:50 None * 
Average 22.1 100 87.8 100:88 
19.8 100 100 100:100 * Light 
18.1 100 100 100:100 * Light 
17.8 100 100 100:100 * Light 
15to20 .. 17.2 100 100 100:100 * Light 
17.0 100 100 100:100 * Light 
15.5 100 100 100:100 * Light 
15.3 100 100 100:100 * Light 
Average. 17.2 100 100 100:100 
*No observations ma de . 
noted thruout the range. The transition here from a fatal 
moisture content to one free from injury seems to have occurred 
between 30 and 25 per cent. Below this range, no definite in-
jury appears to have resulted from the exposure as indicated by 
the percentage germination or by the color of the embryo. 
TEMPERATURE RANGE 8° TO 4° F. 
The data for the freezing test s in which a range of tem-
perature from 8° to 4 ° F. was used are given in Table 8. In 
these tests, freezing and loss of germinative ability took place 
at a lower moisture content than in any of the previous tests. 
The transition here from injury to no injury seems to have 
occurred between 25 and 19 per cent moisture content, and but 
little loss of vitality appears to have resulted where the corn 
cont ained less than 20 per cent of moisture. 
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TABLE Effect of freezing temperatures on germination of 
corn differing in m oisture content (1913 and 1914) 
T emperature range 8° to 4°F
Moisture 
Germination 
Moisture Ice Embryos dark 
range in grain Ratio observed or light 
Normal Frozen of normal in grain 
grain grain to frozen 
Per cent P er cent Per cent Per cent 
r 52.6 30 0 100:0 Ice * 50 to 55 . 51.5 100 0 100:0 Ice * 
Average . 52.1 65 0 100:0 
40to45 41.7 55 0 100:0 Ice * 
35 to 40 . 37.7 100 0 100:0 Ice * 
30to35. 31.2 100 0 100:0 I ce * 
{ 29.5 75 0 100:0 Ice 
* 
25to30 . 27.4 100 20 100:20 * Dark 
26.9 100 0 100:0 Ice * 
Average . 27.9 91.7 6.6 100:7 
{ 24.8 100 100 100:100 * Light 20to25 . 22.9 100 0 100:0 Ice * 21.0 100 40 100:40 * Dark and light 
Average . 22 .9 100 46 .6 100:47 
19.4 100 100 100:100 * Medium dark 
19.3 100 80 100:80 * Dark and light 
18.5 100 100 100:100 * Medium dark 
15to20 .. 17.7 100 100 100:100 * Light 
17.6 100 100 100:100 * Light 
16.4 100 100 100:100 * Light 
16.0 100 100 100:100 * Light 
15.7 100 100 100:100 * Medium dark 
Average . 17.6 100 97.5 100:98 
14.8 100 100 100:100 * Light 
14.7 100 100 100:100 * Light 
14.1 100 100 100:100 * Light 
13.8 100 100 100:100 * Light 
10 to 15 .. 13.7 100 100 100:100 * Light 
13.2 100 100 100:100 * Light 
13.0 100 100 100:100 * Light 
11.7 100 100 100 :100 * Light 
10.8 100 100 100:100 * Light 
Average .. 13.5 100 100 100:100 
*No obser vations made. 
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T EMPERATURE RANGE 0° TO - 5 ° F . 
The notes on the corn subjected to a temperature of 0° 
to -5° F. are compiled in Table 9. It will be observed here 
that the injury resulting from exposure to this temperature 
occurred in those ears having a moisture content greater than 
16 per cent. Below that, little or no injury resulted. The 
transition seems to have occurred between 20 and 18 per cent
Loss of viability or power of germination occurred here with 
a slightly smaller percentage of moisture than at the tempera-
ture of 8° to 4 ° F. Ice crystals were found in the kernels from 
a few ears in which the moisture content was as low as 20 per 
cent. However, little or no loss of viability occurred in ears 
containing 16 per cent or less of moisture. 
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T ABLE Effect of freezing temperatures on germination of 
corn differing in moisture content 1913 and 1914) 
T emperature range O O to - -5° F. 
Germination 
Moisture Moisture Ice Embryos dark 
range in grain Normal Frozen Ratio 
observed or light 
of normal in grain grain grain to frozen 
P er cent P er cent P er cent P er cent 
. 
65 to 70 . 67.8 100 0 100 :0 Ice Dark 
60to65 .. 60.4 100 0 100:0 Ice Dark 
55 to 60 . r 59.6 100 0 100:0 Ice Dark 59.2 100 0 100:0 Ice Dark 
Average . 59.4 100 0 100:0 
50 to 55 . r 51.1 100 0 100:0 Ice Dark 50.3 100 0 100 :0 Ice ,Dark 
Average . 50.7 100 0 100:0 
49 .7 100 0 100:0 Ice Dark 
48.8 100 0 100:0 * Dark 
48.5 100 0 100:0 Ice Dark 
48.2 100 0 100:0 * Dark 
45 to 50 .. 46.8 100 0 100 :0 I ce Dark45.9 100 0 100:0 * Dark 
45.6 100 0 100:0 Ice Dark 
45.4 100 0 100:0 -Ice Dark 
45.3 100 0 100:0 * Dark 
45.2 100 0 100:0 I ce Dark 
Average. 46.9 100 0 100:0 
43.6 100 0 100 :0 Ice Dark 
43.3 100 0 100 :0 * Dark 
42 .3 100 0 100:0 Ice Dark 
40 to 45 . 41.0 100 0 100:0 Ice Dark 
40.9 100 0 100:0 * Dark 
40 .7 100 0 100:0 I ce Dark 
40 .2 100 0 100:0 I ce Dark 
Average. 41.7 100 
I 0 100:0 
*No obser va tions m a de. 
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TABLE 9 ( Oontiniwd)-Effect of freezing temperatures on ger-
rnination of corn di ffering in m oisture content (1913 and 1914) 
T emperature range C0 to - 5°F. 
Germination 
Moisture Moisture Ice Embryos dark 
range in grain Normal Frozen Ratio observed or light 
grain grain of normal in grain to frozen 
Per cent Per cent P er cent Per cent 
40.0 100 0 100:0 * Dark 
40.0 100 0 100:0 • Dark 
39.9 100 0 100:0 Ice Dark 
39.8 100 0 100:0 * Dark 
39.5 100 0 100:0 Ice Dark 
39.5 100 0 100:0 Ice Dark 
39.1 100 0 100:0 * Dark 
35 to 40 . 38.8 100 0 100:0 * Dark 
38.8 100 0 100 :0 * Dark 
38.4 100 0 100:0 Ice Dark 
37.9 100 0 100:0 Ice Dark 
37.7 100 0 100:0 Ice Dark 
37.7 100 0 100:0 * Dark 
36.8 100 0 100:0 Ice Dark 
35.1 I 100 0 100:0 Ice Dark 
Average .. 38.6 100 0 100:0 
33.8 100 0 100:0 * Dark 
33.1 100 0 100:0 Ice Dark 
30 to 35. 31.1 100 0 100:0 • Dark 
30.4 80 0 100:0 Ice Medium dark 
30.1 100 0 100:0 Ice Dark 
Average . 31.7 96 0 100:0 
30.0 100 0 100:0 Ice Dark 
28.7 100 0 100:0 * Dark 
27.6 100 0 100:0 * Dark 
25 to 30 . 26.7 100 0 100:0 • Dark 26.6 100 0 100:0 Ice Dark 
25.9 100 0 100:0 * Medium dark 
25.2 100 0 100:0 Ice Light 
25.2 100 0 100:0 • Dark 
Average . 27.0 100 0 I 100:0 
I 
*N o obser vation s made . 
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T ABLE 9 Effect of freezing temperatures on ger-
m ination of corn differing in moisture content (1913 ancl 1914) 




Moisture I I Ratio
in gram N Normal Frozi>n of normal 
gram grain to frozen 









22 .3 100 
21.5 100 
21.2 100 
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14.8 100 100 100:100 
14.4 100 80 100:80 
14.3 100 100 100:100 
13.6 100 100 100:100 
I 13.o 100 100 100:100 
11.9 100 100 100:100 
Ice 
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Dark and light 















13 .7 100 96.6 100:97 
I 
*No observat ion s m a de . 
SUMMARY OF GERMI NATION TESTS UNDE R CONTROLLED CONDITIONS 
A summary of the average germinations of corn exposed to 
the different ranges of temperature. and containing various 
amounts of moisture is given in Table 10. The data in this 
tabl e are taken from the detail tables for the different tempera-
ture ranges. It will be noted from this table that (1) as the 
moi sture content of the corn diminishes, the injury (with some 
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T A BLE Summary showing effect of various freezing temper-
atures on germination of corn differing in moist ure conten t 
(1913-1914/ 
Temperature ranges degrees F. ) 
Per cent 32 to 28 24 to 20 16 to 12 8 to 4 0 to - 5 moisture in 
grain Germination Germination Germinat ion Germination Germination 
per cent per cent per cent per cent per cent 
80 to 85 . 0 0 
75 to 80 . . . 0 0 . . . 
70 to 75 . . . . 0 0 . . . .. 
65 to 70 . . . 3 0 0 .. . 0 
60 to 65 . .. 0 0 0 0 
55 to 60 31 0 0 ... 0 
50 to 55 . ... 33 6 0 0 0 
45 to 50 ... . . 12 0 .. 0 
40 to 45 . . .. 69 12 0 0 0 
35 to 40 . . . 71 13 0 0 0 
30 to 35 . 75 67 12 0 0 
25 to 30 . 85 77 34 7 0 
20 to 25 . .. . 100 96 88 47 0 
15 to 20 . .. . 100 100 98 63 
10 to 15 . . .. . . . . . . 100 97 
'Th is t a ble is compiled from th e aver ages found in T a bles 5 to 9. The 
given te m pe ra tures wer e cont in u ed fo r a period of twenty - four hours . 
irregul arity) to the vi tality of the kernel from exposure to any 
given temperature becomes less ; (2) in the case of immature 
corn, freezing injury at a given moisture content increases as 
the temperature lowers ; and ( 3) the vitality of corn with a 
moi sture content ranging from 10 to 14 per cent is not injured 
by exposure to temperature of 0° to - 5° F. for a period of 
24 hours. For corn containing 20 to 25 per cen t ·moisture, the 
germin ation percentages, when exposed to the temperature 
ranges of 32° to 28° F., 24° to 20° F., 16° to 12° F ., 8° to 4° F., 
and 0° t o -5° F., were r espectively 100, 96 88, 47, and 0 
p er cent. 
E F FECT OF FREEZING ON DRY COR. 
In 1911 freezing tests wer e mad e with corn which had been 
cured one month in a dry room, and also with corn cured three 
months. The grain at the tirn.e of freezing contained from 12 
to 14 per cent moisture. The results of these tests are shown in 
Table 11. Practically no loss of vitality r esulted in either case, 
even at the lowest t emperature. 
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TABLE Effect of freezing temperatures on the germination 
of corn which had been cured in a dry room before freezing 
(1911). Moisture range in grain 12 to 14 per cent. 
Per cent germination 
Length of drying period 
T emperature N umber 
range Normal F rozen of samples 
(degrees F. ) grain grain tested 
28 to 32 100 100 8 
1 month . ..... . .. . . . . . . 20 to 24 100 100 8 
12 to 16 100 100 8 
4 to 8 100 97 8 
28 to 32 100 100 8 
3 months. . . . . . . . . .... . . 20 to 24 100 100 8 
12 to 16 100 100 8 
4 to 8 100 100 8 
NATURAL RESISTANCE OF GREEN CORN TO COLD 
It was thought desirable in connection with this work to 
determine as nearly as possible not only the degree of cold 
necessa ry to weaken or destroy the vitality of the corn kernel 
but also the length of time necessary :for cold to operate before 
injury results. The latter tests were made as nearly under 
natural field conditions as possible, so far as the corn itself was 
concerned,-the ears being undisturbed in the husks, and placed 
in the freezing apparatus as soon as brought from the field. 
Five or six ears were frozen at a time. The p lan was, to select 
ears of the :four degrees of maturity used in previous tests, and 
subject them to a given range of temperature :for varying 
periods of time. Again similar sets of ears were subjected :for 
a given time to varying ranges of temperature. As soon as the 
ears were removed from the freezing chamber, moisture samples 
were taken and the ear husked and laid away to dry. Later, 
germination tests were made and notes taken regarding the color 
of the embryo. The data are compiled in Table 12 The ger-
mination tests tend to indicate that light freezing temper atures 
of short duration are not particularly injurious even to corn of 
high moisture content, while long exposure, 20-24 hours, to 
the same temperature may prove fatal. A s the temperature is 
reduced, the duration of exposure. necessary to injury becomes 
shorter. Thi s is indicated in summary Table 13. The data for 
the 24 hour period in this table are calculated from Tables 
5 to 9. While tests at this temperature are not strictly com-
parable with ·those of 1915 in that the husks were removed from 
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T ABLE 12- Effect of exposure to ranges of freezing temperature 
for di fferent periods of time on the germination of corn 
cliff ering in moisture content. All ears were protected 
naturally by the husks (1915) 
Moisture Duration Minimum Mois- Germ- Ice observed Embryos dark of tempera- ture m . in grain or light range exposure ture grain ination
Per cent Hours Degrees F. Per Per 
cent cent 
{ 4 24 77.4 92 * Light and dark 75 to 80 6 32 76.4 100 * Light 
70 to 75 6 32 71.6 100 * Light and dark 
65 to 70 12 28 67 .6 83 * Dark 
2 32 62.5 100 * Light 
4 30 61.5 100 * Light and dark 60 to 65 4 28 60.7 100 * Light 
12 28 64.4 93 * Light and dark 
4 30 59.7 100 * Light and dark 
4 28 55.9 100 * Light 
4 14 57.8 75 Ice Light 
55 to 60 8 23 55.5 100 Ice in some kernels Light 8 18 58.8 50 Ice Light and dark 
8 3 56.7 8 Ice Dark 
10 14 58.4 19 Ice Dark 
15 25 56.1 92 I ce in some kernels Light and dark 
2 32 54.5 100 * Light 
4 24 50.5 100 * Light and dark 
6 16 51.2 25 Ice Light and dark 
50 to 55 8 23 52 .5 100 * Dark 
10 23 51.4 91 Ice in some kernels Light 
10 14 53.2 67 Ice Light 
10 3 52.7 0 Ice Dark 
2 23 49.5 100 * Light 
2 10 45.9 85 * Light and dark 
4 14 45.6 75 I ce Light and dark 
45 to 50 6 23 48 .7. 100 * Light 
8 23 47.8 100 Ice in some kernels Light and dark 
15 25 48.5 100 Ice in some kernels Light 
32 25 47.9 75 Ice in some kernels Light and dark 
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TABLE 12 Effect of exposure to ranges of freez-
ing temperature for different periods of time on the ger-
mination of corn differing in moisture content. All ears
were protected naturally by the husks 1915
. Duration Minimum! I ce observed Embryos dark Moisture of tempera- ture in . 
range exposure ture I grain in grain or light 
I 
Per Per I 
Per cent Hours Degrees F .i cent cent 
2 27 43 .5 100 * Light and dark 
2 20 44.4 100 * Light 
6 23 42.1 100 * Light and dark 
6 7 42.2 42 Ice Light and dark 
8 23 45.0 100 Ice in some kernels Light 
40 to 45 8 18 43.0 100 Ice in some kernels Light and dark 
8 3 44.2 0 Ice Dark 
10 14 43.8 67 Ice Light and dark 
12 21 42.1 100 Ice in some kernels Light 
12 14 44.6 63 Ice in some kernels Light and dark 
15 25 44.3 96 Ice in some kernels Light 
2 23 37.9 100 * Light 
4 5 35.4 45 Ice Light and dark 
6 23 36.2 100 • Light 
35 to 40 6 16 38.1 50 Ice in some kernels Light and dark 
6 7 39.9 50 Ice Light and dark 
10 23 36.2 100 None Light and dark 
12 21 39.2 83 None Light and dark 
12 1 37.3 0 Ice Light and dark 
2 10 33.0 92 * Light 
4 23 34.1 100 * Light 
8 3 34.7 47 Ice Light and dark 
30 to 35 10 23 34.5 100 None Light 
10 3 34.6 8 Ice Light and dark 
12 1 32.4 25 Ice Light and dark 
32 25 33.6 100 None Light 
2 20 29.4 100 * Light 
2 10 26.6 100 * Light and dark 
25 to 30 4 5 28.0 92 Ice Light 
12 21 26.4 100 None Light 
12 1 27.8 42 Ice Light and dark 
{ 2 20 24.4 
100 * Light 
20 to 25 4 14 24.3 1-00 None Light 
6 16 22.2 100 None Light 
r 8 18 16.4 100 None Light -15 to 20 10 3 19.4 92 None Light and dark 
10 to 15 4 5 13.6 100 None Light 
*No observations made. 
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TABLE Summary showing effect of length of exposure and 
degree of cold on the vitality of corn varying in moisture 
content (1915) 
Moisture nimum 
Minimum Minimum Minimum Minimum 
Duration tempera- tempera- tempera- tempera- tempera-in grain ture 26 °F. ture 18°F. ture l0 °F. ture 2°F. ture - 5°F. 
Per cent Hours 
Germination Germination Germination Germination Germination 
Per cent P er cent Per cent P er cent P er cent 
2 . . . . . .. . . . . 
4 92 . .. . . . .. 
6 100 . .. . . . . 
70 to 80 8 . . . . .. . . . . 
10 . . . . . . . . . . . . 
12 83 . . . .. . .. 
15 . . . . . .. . . . . . 
24 0 0 . .. . .. . . 
2 100 . . . .. . . . . . . 
4 100 . . ... . . 
6 . .. . . . . . 
60 to 70 8 . . . . . . .. . . . . . 10 . . . .. . . . . . . 
12 88 . . . . ... . . 
15 . . . . . . . . . . . . 
24 2 0 0 . . . 0 
2 100 . .. . . 
4 100 100 75 .. 
6 . . . 25 . . 
50 to 60 8 . . . 83 .. 8 . . 10 . . 91 43 0 • · 
l 12 . . .. 15 92 . . 24 32 2 0 0 0 
2 100 100 85 .. 
4 . . . 75 . . 
6 . . 100 42 .. 
40 to 50 8 94 0 .. 10 . . 67 .. 
12 . . 100 63 ·• 
15 . . 98 . . .. 
24 69 12 0 0 0 
1 Th is tabl e is compiled from T able 12. The germination tests fo r the 24 -
hour p eriod are calculated from T ables 5 to 9. Where data is lacking no 
tests w e re ma de. 
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TABLE 13 Summary showing effect of length of 
exposure and degree of cold on the vitality of corn varying 
in moisture content (1915) 
I 
Moisture Minimum Min'mum Minimum Minimum Minimum 
in grain Duration tempera- tempera- tempera- tempera- tempera-ture 26 °F. ture l8 °F. ture l0 °F. ture 2°F. ture -5°F. 
Per cent Hours Germination Germination Germination Germination Germination P er cent Per cent Per cent P er cent Per cent 
2 . . . 100 92 .. 
4 100 . . 45 .. 
6 100 50 50 . . 
30 to 40 8 . . . . . 47 .. 10 . . . 100 . . . 8 
12 . . 83 .. . . 13 
15 . . . . . . 
24 72 40 7 0 0 
2 .. 100 100 . . . . 
4 . . . .. 100 92 .. 
6 . . . . . . 100 . . . .. 
20 to 30 8 . . . . . . . . . . .. . . 10 . . . . . . . . . .. 
12 . . . 100 . . . . 42 
15 . . . . . . . . 
24 90 83 64 28 0 
2 . . . . .. . . . . . 
4 . . . . . . .. 100 . . 
6 . . . .. . . . . . . 
10 to 20 8 . . 100 . . . . . . . 10 . . . . . . .. . 92 . . 
12 . .. . . . . . . . . . 
15 . .. . . . . 
24 . . . 100 100 99 77 
this corn before being exposed to the freezing temperatures, and 
the minimum temperatures were not exactly the same, yet it was 
thought that owing to the length 0£ the freezing period both 
the husked and the unhusked corn would be affected in prac-
tically the same way. This is the reason for including the data 
for the 24-hour period in this table. 
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VITALITY OF CORN EXPOSED TO FREEZING TEMPERATURES 
IN THE FIELD 
GENERAL SURVEY 
As a sort of check on the work done under controlled con-
ditions in the laboratory, a study was made of the vitality of 
corn exposed to fall and winter freezing in the field during 
the years 1913-1917. Moisture tests were made at the time
the corn was gathered. When the corn was thoroly dry, ger-
mination tests v;-ere made and the color of the embryo was 
noted. A record is given of all freezing weather to which 
the corn was exposed prior to gathering. 
Beca use of the differences in exposure and the repeated 
freezing and thawing, these data are not strictly comparable 
with the data obtained from the laboratory tests. However, 
these data substantiate the principles established under the con-
trolled conditions. 
Prior to these more detailed investigations, a general study 
of the condition of corn had been made in the fall of 1911 and 
1912. In the fa ll of 1911 a severe frost occurred on ovem-
ber 11 and 12 A .. t this time the temperature dropped so low, 
and corn contained so mu ch moisture, that a very large per cent 
of the crop in Nebraska was frozen and its power of ger-
mination destroyed. The average corn crop contained at that 
elate from 20 to 25 per cent of moisture, and much of it con-
ta ined more than this amount. The temperature fell as low 
as 2° F. and r emained at that low mark for four hours. Ta-
bles 14 and 15 Corn which ripened earlier and was drier
however wa s not injured This together with the other field 
studies and laboratory tests seems to indicate that corn which 
contains as low as 16 or 17 per cent of moisture is in no dan-
ger of losing its vitality from exposure to the ordinary autumn
freezes. 
The freezing which occurred in 1911 prior to November 
13 is indicated in Table 14. 
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TABLEFreezing temperatures during autumn 1911. 
Degrees F. 
Hour Oct. Oct. Oct. Nov. Nov. Nov. Nov. Nov. Nov. Nov. Nov . Nov. 
of day 21 23 27 28 29 31 1 2 3 4 7 10 11 12 13 
A.M. 
12-1 . . 16 27 31 . . 4 17 
1-2 32 15 27 31 32 . . 4 19 
2-3 32 32 32 31 15 27 31 29 2 20 
3-4 32 32 32 32 30 32 14 26 30 27 2 21 
4-5 31 32 32 31 32 29 27 14 26 31 23 32 2 21 
5-6 31 32 31 30 31 28 26 13 26 32 22 30 2 23 
6-7 30 30 29 28 23 12 26 . . 32 21 26 3 24 
7-8 31 31 28 27 20 13 26 31 21 21 4 25 
8-9 32 32 31 21 27 27 22 17 7 29 
9-10 .. 21 22 28 25 14 9 
10-11 . . 21 25 29 28 13 12 
11-12 . . .. 21 27 30 32 12 15 
P.M. 
12-1 . . . . . . . . . . 23 28 31 . . . . 
I 
. . 12 17 . . 
1-2 25 30 31 11 19 
2-3 . . 24 29 32 11 20 
3-4 . . . . 24 29 32 . . . . . . 11 20 
4-5 24 28 . . 10 20 .. 
5-6 22 28 10 18 .. 
6-7 . . 21 27 9 18 .. 
7-8 20 27 8 17 
8-9 . . .. . . 19 27 7 16 
9-10 . . . . . . . . . . 18 26 . . . . . . 7 15 
10-11 . . . . . . 17 26 31 . . . . . . 7 16 .. 
11-12 . . . . . . . . . . 16 27 31 . . . . . . 6 16 
TABLE Duration with mean and minimum temperature of 
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Nov. 3-4 . 
Nov. 7 ... 
Nov. 10. 
Nov. 11-13 . 


































The dates on which the first freezing temperatures recorded 
by the weather bureau three miles distant, have occurred during 
the la st seven years are as follows 1911 October 21 1912
October 22 1913 October 20 1914 October 27 1915 October 
8; 1916 September 29 1917 October 8. 
This shows October 15 to be the average elate for the first 
:freezing temperatu re r ecorded by the weather bureau, during 
this period whereas the average elate for the first killing frost 
was October 12. The freezing temperatures which occurred 
on the above dates were not low enough, however , to affect the 
vitality o:f the corn in any way, unless the corn should have 
been exceedingly immautre. Even this class o:f corn is rarely
injured by the first freezing temperatures because o:f their short 
duration. (See Table 13.) 
Th e approximate moistnre content o:f the a averagecorn crop 
in eastern ebraska on October 15, 1911 was 22 per cent; in 
1912 it was 20 per cent; in 1913 it was 17 per cent; in 1914
it was 15 per cent; in 1915 it was 35 per cent; in 1916 it 
wa s 18 per cent; and in 1917 it was 37 per cent. These 
figures a are based on the moisture content o:f corn harvested 
from the general field plats o:f the Experiment Station. They 
represent no doubt, very nearly the average maturity o:f corn 
in eastern Nebraskaat the time when freezing temperatures 
are likely to occur. It will be seen that usually corn is too 
mature to be injured in vitali ty by the first :freezing weather. 
Even in 1915 when the moisture content was large the first 
:freezing did little or no damage to the life o:f the seed. ( See 
Table 22. ) Farther north and west in the State, however, the 
season is shorter and :freezing comes earlier. The corn in these 
sections. therefore, should be correspondingly earlier in order 
to insure normal vitality in the seed. Heavier :freezing during 
the late :fall and winter is more likely to do serious damage
to the germination o:f corn not folly matured. 
FIELD S ELECTIO N IN 1913 
In the fall o:f 1913 corn samples o:f various degrees of 
dryness were selected from the field on October 30, a:fter 9 
days of considerable freezing weather during which time 98 
hours of :freezing tern ture prevailed, with a minimum 0£ 
15° F. The notes on viability and color o:f germ are given 
in Table 16 The :freezing temperatures which occurred 
during the fall and to which the corn had been exposed are 
ind icated in Table 17 Tabl e 18 summarizes these tempera-
tures: giving th e duration and the mean and minimum tem-
perature of each :freezing period. 
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TABLE Germinative ability of corn w hich varied in degree 
of maturity and which was exposed in the field to the 
freezing temperatures of autumn The degree of maturity is 
indicated by the moisture content of the grain. Corn har-
1·es tecl October 30, 1913.1 
Moisture range Moisture Germination Embryos dark in grain or light 
Per cent Per cent Per cent 
I 
39.7 0 Dark 
39.7 0 Dark 
35 to 40 . .. . 39.4 0 Dark ....... . ...... . . . ' 37.0 0 Dark 
36.9 20 Dark 
35.7 0 Dark 
Average . . .. . . ...... .. .. .. . .. 38.1 3 
34.3 40 Light 
34.1 0 Dark 
30 to 35 . .. . .... . . . . .. .. . .. .. 33.5 20 D ark 
32.9 60 Light 
32.3 0 Dark 
Average ... . . . . .. . . . . . . . . . .. . . 33.4 24 
30.0 20 Medium dark 
29.8 0 Dark 
27.7 40 Light 
25 to 30 .. .. . . . .. .. . . .. .... . . . 27.6 100 Light 
27 .1 60 Dark and light 
26.7 80 Light 
26.4 0 Dark 
Average .. .. . . . . ...... . . . . . . . . 27.9 43 
I 
24.4 100 Light 
23 .9 80 Light 
20 to 25 .... . . .. .. .... . .. . . . . 23.2 80 Light 22.7 100 Light 
l 22.3 100 Light 21.2 100 Light 
Average . . . .. . .. . . .. . . . . . . . . . 23 .0 93 
20.0 100 Light 
15 to 20 . . 19.4 100 Light .. . . . . . . . . . . . . ... .. 15.3 100 Light 
15.3 100 Light 
Average . . . . . .. . . . .. . . . . . . . . . 17.5 100 
10 to 15 . . ... . .. . . . . { 14 .2 100 Light ...... . . . 14.1 100 Light 
Average . . .. . . ..... . . 14.2 100 
'See T a bles 17 a n d 18 for fre ez ing temperatures prior to October 30. 
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TABLE 17- Freezing temperatures during autumn 1913. 
Degrees F. 
Hours Oct. Oct. Oct. Oct. Oct. Oct. Oct. Oct. Oct. Oct. Nov. 
of day 19 20 21 23 26 27 28 29 30 31 1 
-- - ------------------
A.M. 
12-1 26 28 . . 28 21 23 25 
1-2 25 26 32 26 . . 21 22 24 32 
2-3 24 25 32 .. 25 21 21 23 32 
3-4 .. . . . . 23 24 . . 24 21 20 23 32 
4-5 .. 23 23 .. . . 23 19 19 22 32 
5-6 25 23 .. 22 18 19 22 32 
6-7 27 22 24 31 15 18 22 32 
7-8 •· 29 24 32 21 30 15 18 23 
8-9 . . . . .. 32 26 . . 32 30 28 17 21 25 . . 
9-10 . . . .. 28 . . 27 20 24 32 . . 
10-11 . .. 31 .. 26 23 28 . . 
11-12 .. .. . . .. 26 26 
P.M. 
12-1 . . . . . . 26 28 . . 
1-2 . . •· . . 27 31 .. . . 
2-3 .. . . . . 28 . . . . 
3-4 . . . . . . .. . . . . .. . . 28 . . . . . . 
4-5 . . . . . . . . . .. . . . . 26 32 . . . . . . 
5-6 . . . .. 25 30 . . 
6-7 .. . . 24 28 
7-8 30 . . . . 23 27 . . 
8-9 28 .. . . . . . . 23 26 31 . . . . 
9-10 . 27 . . .. . . 23 26 29 .. . . 
10-11 . 29 .. 32 23 25 27 •· . . 
11-12. .. 28 29 . . . . 29 . . 22 23 25 . . . . 
TABLE 18-Duration with mean and minimum temperatures of 
freezing periods during autumn of 1913 
Mean Minimum 
Date Hours temperature temperature 
in period degrees F. degrees F. 
Oct. 19-20 . 14 26.9 23 
Oct. 20-21 . . .. . . . . . . . . . .. . . . . . . . 12 25.8 22 
Oct. 23 . ...... 2 32.0 32 
Oct. 26. . . . . . . . 2 32.0 32 
Oct. 26-27 . ..... . . . . . . . . . . . . . 11 25.8 21 
Oct. 28-29 . . . . . . .. 32 23.8 15 
Oct. 29-30 . .. .... . . . .. .. .. 19 23.4 18 
Oct. 30-31 . . . .. . . . . . . . . . . 14 25.2 22 
Nov. 1 6 32.0 32 . . ..... . . ... . . • · . . 
'Compiled fro m Table 17. 
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The corn was grouped according to its moisture content
with a range of 5 per cent for each group. Corn rangmg 
in moisture content from 10 to 15 per cent, and 15 to 20 per 
cent gave 100 per cent germination; 20 to 25 per cent moisture 
germinated 93 per cent ; 25 to 30 per cent moisture germinated
43 per cent; 30 to 35 per cent moisture germinated 24 per cent; 
and 35 to 40 per cent moisture germinated 3 per cent. 
These results conform very closely to those from the lab-
oratory tests at a temperature range of 16 to 12° F .. as mav be
seen by comparing with Table 7. In the laboratory, when 
subjected to a temperature of 16 to 12° F., corn containing 
15 to 20 20 to 25, 25 to 30, 30 to 35, and 35 to 40 per cent of 
water germinated respectively 100, 88, 34, 12, and 0 per cent, 
while the same grades of corn exposed in the field to a mini-
mum temperature of 15° F . germinated respectively 100, 93, 
43 24, and 3 per cent. 
FIELD SELECTION IN 1914 
The results for corn selec:ed from the field on November 22
1914 after intermittent subjection to 111 hours freezing tem-
perature with a minimum of 4° F. are given in Table 19. 
The freezing temperatures are given in detail in Table 20 and 
are summarized in Table 21 which gives the duration and the 
mean and minimum temperatures for each freezing period. 
The respective mean germinations were 100, 67.5, 60, 55, and 
30 per cent according to whether the moisture content of the 
grain ranged from 10 to 15, 15 to 20, 20 to 25 25 to 30, or 
30 to 35 per cent. 
FIELD SELECTION IN 1915 
A study wa s made in the fall of 1915 of the effect of early 
freez ing temperatures on the vitality of corn when left in the 
field and exposed to the natura l freez ing weather of October 
and Nowmber This year the corn was very immature at the 
time of the first killing frost and con tinned to retain a large 
per cent of water thruout the fall Since there was also 
considerable variation in the matnritv of individual ears, the 
opportnnity wa s exceptionally good for studies of this kind. 
The freezing temperatures which occurred during the fall are 
recorded in Table 24, and put in surnmarv form in Table 25. 
It will be noted from these that the first freezing occurred on 
October 8, and again on October 9 The first was very light 
and of short duration, while the second was more severe and 
slightly longer. 
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TABLE Germinative ability of corn which varied in degree 
of maturity and w hich was exposed in the field to the 
freezing temperatures of autumn Th e degree of maturity is 
indicated by the moisture content of the grain Corn har-
vested N November22 1914
Moisture range Moisture I Germination 
Embryos dark 
in grain or light 
Per cent Per cent P er cent 
30 to 35 .. { 34.2 0 Dark . .. .. ... . .. . .. .. . . . 31.3 60 Light 
Average . . .. . . .. . . .. .. .. .. .. 32.8 30 
29.4 60 Dark 
25 to 30 . 28.7 80 Dark and light . . . .... . . . .. .. . . . . . . 26.5 20 Dark 
26.3 60 Light 
Average. . . . . . . . . ....... . . . . . 27.7 55 
20 Dark 
24.0 20 Dark and light 
60 Light 
22 .5 100 Light 
20 to 25 . . . . . . . . . . . . . . ...... . 2 1.4 80 Dark 
60 Dark 
21.1 100 Light 
60 Dark and light 
2r.2 40 D ark and light 
Average .. . . . . .. . . . ... . . .. . . . . 22.1 60 
I 
19 .9 40 L ight 
19.9 60 Light 
19.6 20 Dark and light 
15 to 20 . 19.2 100 Light .. . . . .... . . . 18.8 40 Dark and light 
l 17.8 100 Light 17.6 100 Light 16.8 80 Light 
A verage . . . . . . . . . . . . . . . . . . . . .. 18.7 67 .5 
10 to 15 . . . . . .. .. .... . . . . . . ... 13.4 100 Light 
'See Tables 20 and 21 for freezing t e mpera tures prior to November 22. 
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TABLE Freezing temperatures during autumn 1914
Degrees F. 
Hours Oct. Oct. Nov. Nov. Nov. Nov. Nov. Nov. Nov. Nov. Nov. 
of day 26 27 8 13 15 16 17 18 19 20 22 
---- --- - - - -- ------
A.M. 
12-1 . . . . . . 28 . . 22 25 . . 12 19 .. 
1-2 . . . . .. 27 31 . . . . 23 25 10 19 
2-3 27 30 . . 22 25 8 20 
3-4 26 29 . . 21 26 7 21 
4-5 . . 25 28 . . . . 19 27 32 6 22 32 
5-6 24 27 18 28 31 5 22 30 
6-7 .. 25 26 18 29 5 22 30 
7-8 . . . . . 26 26 32 31 19 28 .. 4 23 29 
8-9 . . . . . 31 30 29 21 30 .. 6 26 28 
9-10 . .. 30 24 . . 8 . . . . 
10-11 . . . . . . . . . . 31 25 . . . . 11 . . . . 
11-12. .. . . . . . . . . . . . 27 . . 14 .. 
P.M. 
12-1 . . . . .. . . . . . . 29 . . . . 18 . . . . 
1-2 . . . . . . . . . . 31 . . 19 . . 
2-3 . . . . 32 . 21 . . . . 
3-4 . . . . . . 32 . . .. 22 . . . . 
4-5 . . . . . . . . 31 . . .. 21 . . .. 
5-6 . . . . . . . . . . . . 31 28 20 . . 
6-7 30 27 20 
7-8 27 25 32 20 . . .. 
8-9 32 . . 25 25 . . 27 19 . . . . 
9-10 . . .. 30 . . . . .. 23 24 . . 23 19 . . . . 
10-11 . . . . 30 . . . . . . 22 25 19 18 . . .. 
11-12 .. . . 28 . . . . 21 24 15 18 . . . . 
TABLE Duration with mean and minimum temperatures of 
freezing periods during autumn of 19141 
Oct. 26-27 _ 
Nov. 8 . 
Date 
Nov. 13 .. . . ... . . . 
Nov. 15 . . .. .. . . . .. . . . ... . . . . . 
Nov. 15, 16, 17 . 
Nov. 18 .. 
Nov. 18, 19, 20 . _ 
Nov. 22 . 
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EFFECT OF EARLY FREEZING ON VARIETIES, 1915 
On October 10, corn was gathered from twenty-sevendiffer-
ent varieti es and hybrids for moisture and germination tests. 
These vari eti es and h ybrids represented many different stages 
of maturitv at the time the frost came. Some were late varieties 
and were still very immature, while other s were early and were 
comparativel.v dry Intermediate stages were also r epresented. 
The moi sture content of the grain and also of the cob at the 
time of ha harvesttogether with the germination for each variety, 
is shown in Table 22 It will be noted from thi s table that 
the moisture content of the grain wa s still r ather large for 
most varieties. The g ermination tests, however are so nearly 
p erfect for all. that it seems hardly possible to trace any injury 
back to the effect of the frost. 
TABLE The germination of corn varying in degree of 
maturity ancl gathered on October 10. after the first killing
fro st in 1915. The degree of maturity is inclicatecl by the 
per cent of moisture in the cob and in the grain
Variety name Tasseling 





Rogue's Yellow Dent 8-16 57.0 38.0 99 
Boone Co. White 8- 21 60.3 44.7 97 
Boone Co. White x Rogue's. 8- 20 64 .9 47.9 99 
Nebraska White Prize. 8- 20 61.2 45.2 100 
Nebraska White Prize x Rogue's 8- 18 63.3 43.2 99 
Bloody Butcher . 8- 19 55.0 39.9 99 
Bloody Butcher x Rogue's. . . 8- 18 57.7 43.2 94 
Calico. 8- 17 59.2 40.4 100 
Calico x Rogue's .. ... . 8- 17 55.3 40.4 100 
Reid's Yellow Dent . 8- 16 60.8 37.8 97 
Reid's Yellow Dent x Rogue's . . 8- 16 59.1 35.2 99 
Iowa Silver Mine . 8-15 51.l 33.7 99 
Iowa Silver Mine x Rogue's . ... 8-14 57.9 40.6 99 
St. Charles White .... . . 8- 13 53.8 31.6 100 
St. Charles White x Rogue's . .. 8- 15 58.0 32.1 100 
Pride of the North . 8- 13 41.1 23.8 100 
Pride of the North x Rogue's. 8-15 51.5 32.9 99 
University No. 3. 8- 13 57.3 35.4 97 
University No. 3 x Rogue's ... 8-14 56.6 36.5 99 
White Cap. .. -·- 8- 12 50.3 29 .0 100 
White Cap x Rogue's . ... 8- 14 52.5 33.6 
Iowa Gold Mine . ... ' 8- 10 51.6 31.6 99 
Iowa Gold Mine x Rogue's . .. 8- 12 55.5 35.4 97 
Leaming . ... . 8- 9 57.1 33.8 99 
Leaming x Rogue's .. 8-13 55.1 39.0 100 
Minnesota No. 13 . 8- 4 40 .9 18.3 100 
Minnesota No. 13 x Hogue's ... 8- 8 47.4 26.6 100 
See T a bles 24 a n d 25 for freezing tempe ra tures prior to pctob er 10. 
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EFFECT S OF MORE SEVERE FREEZING, 1915 
On the morning of November 9 while the frost was still on, 
a n 11rnber of ea rs were examined in the field for ice formation 
in the kemels Moisture samples were taken from t hese ears 
and germination tests were made later After rather severe 
freezing on November14 ancl again on the 15th, observations 
were ma de. the samebein g ken as in the previouscase. The 
data are compiled in Table 23 One interesting thing shown in 
thi s table is that ice formation in the kern el is not necessarily 
fatal t o th e vitality of the grain al so that th e freezing of 
No1·ember 9 with a minimum of 30° F. and lasting five hours 
was not of sufficient duration to affect germination From the 
data of November 15 it is interest ing to note that even those 
ears on which th e kernels were a solid frozen mass gaveve a fair 
per cent of germination In these cases however the viability 
plainly was reduced 
TABLE Germinative ability of corn which was exposed in 
th e field to the freezing temperatures of autumn 1915
E xtent of freezing in kernels Germination 
CORN GATHERED NOVEMBER 9 
SECOND LIGHT FREEZE 
N ot frozen , no ice found in kernels. 
Not frozen , no ice found in kernels . 
Not frozen , no ice found in kernels. 
Ice found in the base of some of the kernels . 
Ice found in the base of some of t he kernels . 
Ice found in t he base of some of the kernels. 
Ice found in t he base of some of t he kernels. 
I ce found in the base of some of the kernels . 
CORN GATHERED NOVEMBER 15 
FIRST SEVERE FREEZE 
Whol e kernel frozen solid ... . ...... .. . . . . 
Germ frozen solid , rest of kernel not froz en . 
Ice in base of kernel, germ and endosperm not frozen 
Not frozen, no ice found in kernel. 


























See T a bles 24 a n d 25 for f r eez ing t e mpe ratures pr ior t o November 15. 
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TABLE Freezing temperatures during autumn of 1915. 
Degrees F. 
Hours of day Oct. 8 Oct . 9 Nov. 9 Nov. 13 
1 






A . M . 
5-6 . . .. . . .. . 
6-7 
7-8 .. ..... .. . 












7-8 . .... . . . 
8-9 
9-10 .. . . . . . . . . 
10-11 . 










































T ABLE 25- Duration with mean and minimum temperatures of 
freezing periods during autumn 19151 
Mean Minimum 
Date Hours temperature temperature 
in period degrees F . degrees F . 
Oct. 8 ... . 1 32.0 32 
Oct. 9 ... . . 3 30.7 30 
Nov. 9 .... . 5 30.8 30 
Nov. 13-14 . . .. .. .. .. ... . . 18 26.3 21 
Nov. 14-15 . .. . .. .... .. .. ... . .. . . 15 25.9 23 
Nov. 16 . ... . . . . . . . ..... ... . 4 28.8 27 
1Compile d from T a ble 24. 
V A RIA TIO N WITHIN A SINGLE EAR 
It was observed that there was a great variation in the 
maturity and moisture content 0£ kernels on the same ear. 
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In order to determine definitely the actual difference which may 
be :found, moisture tests were made. For this purpose two ears 
were selected showing great variation in maturity of different 
kernels. The kern els from each ear were divided into groups 
according to maturity The kernels from one ear were grouped 
as dry and as clamp. Only the extreme types were taken. The 
dry group r epresented the driest kernels on the ear, while the 
damp group represented the most immature kernels. Sprouted 
kernels were found on the other ear, and these were placed in 
a group by themselves. Moisture tests were then made :for each 
group from each ear. The results are shown in Table 26
The tabl e shows an average difference of 15.8 per cent between 
the clamp and dry kern els. The sprouted kernels averaiared 
60.7 per cent moisture. The differen ce here indicated is suffici ent 
to cause a great difference in susceptibility to cold, as indicated 
in previous tables, and no doubt explains in many cases why 
some kernels of an ear are killed by freezing while other s are 
uninjured. 
T A BLE 26 V ariation in moisture content of liernels from the 




Description of Kernels 
{ 
Least mature . . 




Sprouted . . .. 
FIELD SELECTIONS I N 1917 
Moisture content 






Clim a tic conditions combined in such manner in 1917 that 
no season in this generation has been quite so unfavorable to 
the maturing and drying of the corn crop. The early growth 
was retarded by a cold, wet spring. Later it was again retarded 
by deficient moisture in July. Following that came an un-
usually cool August and September, which prolonged growth 
and delayed ripening. The first killing frost in the early 
morning of October 8, with a duration of nine hours and a 
minimum temperature of 24° F., (Table 30) was an unusually 
sever e first frost. This was foll owed bv three ·weeks of cold 
and freezing weather which not only retarded the drying of 
corn but continued to reduce its vitality. 
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EFFECT OF FIRST K ILLING FROST ON VARIETIES, 1917 
The test with corn varieties and hybrids reported in 
T able 22 for 1915 was repeated in 1917 Types varying widely
as to earliness and related moi sture content were r epresented . 
An unusually large arnonn t of moisture was present at t he time 
of the first killing frost on October 8. Ten ears of each variety 
and hybrid were gathered th e following day and tested for 
rnoistnre and germ ination. The results are given in T able 27. 
The varieties and their hybrid s represented many different 
stages of maturi ty at the time th ey were gathered for testing. 
The grain varied from 16 to 47 per cent moi sture content, 
according to vari ety. The germin ation tests show very li ttle 
injury from this fi rst frost even for the late maturing varieties. 
TABLE Germination of corn varying in degree of maturity
and gathered after the first killing frost on October 8, 1915
The degree of maturity is indicated by the per cent of 
moisturein the grain
Variet y name Tasseling Per cent P er cent 
===============:= date moisture germination 
Rogue's Yellow Dent
Boone Co. White. 
Boone Co. White x Rogue's 
Nebraska White Prize .. 
Nebraska White Prize x Rogue's . . 
Bloody Butcher. 
Bloody Butcher x Rogue 's. 
Calico. 
Ca!ico x Rogue's 
Reid's Yellow Dent . 
R eid's Yell ow D ent x Rogue's . 
Iowa Silver Mine . 
Iowa Silver Mine x Rogue's 
St. Charles White . 
St. CharlEs White x Hogue's
Pride of the North .. 
. Pride of the North x Rogue's . 
U niversity No. 3. 
University No. 3 x Rogue's . . . 
White Cap 
White Cap x Rogue's . 
Iowa Gold Mine 
Iowa Gold Mine x Rogue's . 
Leaming . 
Leaming x Rogues ... 
Minnesota No. 13 .. 
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DEGREES OF MATURITY SELECTED FROM FIELD A T DIFFERENT 
DATES IN F A LL AND WINTER OF 1917 
Five 10-ear samples 0£ corn differing in maturity and 
moisture content were selected from a field of Rogue's Yellow 
Dent corn on October 8, 1917 following the first, but severe, 
freezing spell 0£ the season. As nearly corresponding samples 
as possible were selected at £our succeeding dates, namely on 
November 19 December 11 , December 29 and January 15, £or 
the purpose of observing the effects 0£ additional degrees of 
freezing under natural field conditions. The field was neither 
the ripest nor the greenest at the Station, but was 0£ medium 
maturity, and represented .about an average condition £or 
eastern N Nebraskathat season. The five selected samples 0£ this 
seed ranged from mature seed down to the late dough stage 
of maturity. 
Two additional sa mples were selected from other fields at 
each 0£ the above dates and tested together with the above 
five samples. One was mature seed selected from a field 0£ 
Rogu e's Yellow Dent corn which h ad been cut and shocked 
late in September. The other was very immature seed selected 
in the milk stage from a fi eld of late planting. 
A description 0£ the seven samples together with their 
moisture content and germination are given in Tables 28 and 29
TABLE Germinative ability of Hogue's Yellow Dent corn which was exposed in the field to 
various amounts of freezing during the fall and winter of 1917
Proportion Moisture Content Germination Estimated 
Condition of corn at time of first killing of total germination 
frost, October 8 corn Cob Grain Perfect Im- Total based on in field perfect color of germ 
Per cent Per cent Per cent Per cent Per cent Per cent Per cent 
Corn gathered October 8- First killing frost with minimum temperature 24 °F. 
Shocked corn: 
1. Fairly well matured, ears solid . . 301 50 30 98 0 98 100 
Corn standing in field: 
2. Fairly well matured, ears solid . . 7 56 35 98 0 98 100 
3. Somewhat rubbery, ears twist .. 15 58 39 94 3 97 100 
4. Very rubbery, grain medium soft. 22 61 43 92 5 97 100 
5. Grain very soft. 25 61 47 92 1 93 100 
6. Late dough stage. . .. .. . . .... .. . . . 30 63 50 82 10 92 100 
7. Milk stage. . .. .. . .. I 63 63 44 11 55 100 
Corn gathered November 19- Prolonged freezing with minimum of l7 °F. 
Shocked corn: 
1. Fairly well matured, ears solid ... . .. . 30 26 17 85 13 98 100 
Corn standing in field: 
2. Fairly well matured, ears solid . ... . . . 7 23 17 83 8 91 90 
3. Somewhat rubbery, ears twist ..... . . . 15 39 21 56 15 71 52 
4. Very rubbery, grain medium soft ... . . 22 45 26 34 7 41 21 
5. Grain very soft . 25 48 27 14 3 17 8 
6. Late dough stage. . ........ . .. .. . .. 30 50 34 10 4 14 10 
7. Milk stage . . . . .... . .. . . ... . . . 52 36 1 1 2 0 








TABLE 28 Germinative ability of Hogue'sYellow Dent corn which was exposed
in the field to various amounts of freezing during the fall and winter of 1917
Proportion Moisture Content Germination Estimated 
Condition of corn at t ime of first killing of total germination 
fr ost, October 8 corn Cob Grain P erfect Im- Total based on in field perfect color of germ 
Per cent Per cent Per cent P er cent P er cent Per cent Per cent 
Corn gathered December 11- Prolonged freezing with minimum of - l6 °F. 
Shocked corn: 
1. Fairly well matured, ears solid. 30 16 15 93 5 98 100 
Corn standing in field: 
2. Fairly well matured, ears solid. 7 17 16 87 4 91 88 
3. Somewhat rubbery, ears twist ... 15 25 18 79 6 85 87 
4. Very rubbery, grain medium soft . 22 38 23 20 5 25 6 
5. Grain very soft . 25 44 26 17 2 19 4 
6. Late dough stage .. . 30 47 28 10 1 11 0 
7. Milk stage . ... ..... 47 33 0 0 0 0 
Corn gathered December 29- Prolonged freezing with minimum of - 18°F. 
Shocked corn: 
1. Fairly well matured, ears solid. 30 18 16 87 11 98 100 
Corn standing in field: 
2. Fairly well matured, ears solid . 7 17 15 93 5 98 88 
3. Somewhat rubbery, ears twist .. . . . . . 15 18 16 59 15 74 62 
4. Very rubbery, grain medium soft . .. . . 22 31 19 14 11 25 0 
5. Grain very soft . . . . . . . ....... .. 25 33 21 5 7 12 0 
6. Late dough stage ... . .... . . . .... . . . . 30 44 28 0 0 0 0 






TABLE 28 Germinative ability of Hogue's Yellow Dent corn which was exposed 
in the field to various amounts of freezing during the fall and winter of 1917 
Proportion .Moisture Content GPrmination Estimated 
Condition of corn at time of first killin g of total germination 
frost, October 8 corn Cob Grain Perfect Im- Total based on in fie ld perfect color of germ 
Per cent Per cent, Per cent Per cent Per cent Per cent Per cent 
Corn gathered January 17- Prolonged freezing with minimum temperature of - 21 °F. 
Shocked corn: 
1. Fairly well matured, ears solid . . 30 15 14 86 10 96 88 
Corn standing in field: 
2. Fairly well matured, ears solid . ... . .. 7 15 14 88 6 94 90 
3. Somewhat rubbery, ears twist 15 17 17 61 12 73 70 
4. Very rubbery, grain medium soft. 22 26 19 20 6 26 10 
5. Grain very soft .. . .. .... .. 25 36 22 6 1 7 0 
6. Late dough stage ... . . . . . . . . 30 43 27 0 0 0 0 




T ABLE Summary showing moisture content and germination of corn harvested at various
elates during fall and winter of 19171 
Moisture in grain of corn gathered on Per cent perfect germination of corn 
Condition of corn at time of gathered on 
first killing frost, October 8 --- - ----- ------
Oct. 8 Nov. 19 Dec. 11 Dec. 29 Jan. 17 Oct . 8 Nov. 19 Dec. 11 Dec. 29 Jan . 17 
Shocked corn: 
1. Fairly well matured, ears 
solid. 30 17 15 16 98 85 93 87 86 
Corn standing in field: 
2. Fairly well matured, ears 
solid . 35 17 16 15 14 98 83 87 93 88 
3. Somewhat rubbery, ears 
twist . 39 21 18 16 17 94 56 79 59 61 
4. Very rubbery, grain 
medium soft . 43 26 23 19 19 92 34 20 
20 
5. Grain very soft ... ... . . . . 47 27 26 21 22 92 14 17 6 
6. Late dough stage . . .. . . 50 34 28 28 27 82 10 10 0 
7. Milk stage . 63 36 33 29 28 44 1 0 0 
Minimum temp. (degrees F. ) . . . 17 - 16 - 21 
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The freezing temperatures prevai ling up to the time of the last 
selection- January 17, 1918- are indicated in Table 30
T ABLE Duration mean temperature and minimum tem pera-
ture of freezing periods during autumn and early winter 
(1917-1918) 
H ours Mean Minimum Date in period temperature temperature (degrees F. ) (degrees F. ) 
Oct. 8. 9 27.7 24 
Oct. 10 . . . . . . . . . . . . . . . . .. .. .. . . . . 1 32.0 32 
Oct . 11-12 .. . ... .. . .. . 11 26.8 23 
Oct. 12-13 . . . . . . . . . . . . .. .. . . . 8 27 .9 25 
Oct. 18-19 . . . . . . . . . . . . . . 13 23.8 18 
Oct. 20-21 .. . . .. .. . . .. . . 5 31.2 31 
Oct. 22-23. . . . . . . . . . . . . 13 28 .8 23 
Oct. 24 .. . . . . . . . . . ....... . . 2 32.0 32 
Oct . 26 . .. 5 31.0 30 
Oct. 27. 6 31.0 30 
Oct. 28-30. . .. .. .. . . . . .. . ... .. . .. . 45 25.2 17 
Oct. 30-31 . . . . . . . . . . . 12 26.7 24 
Oct. 31-Nov. 1. 12 27.8 26 
Nov. 1-2 . . . .. . ... . . 10 30.2 29 
Nov. 4 .. . . . . . . . . .. . .. 5 30.2 29 
Nov. 18-19 . . ... . . .... 14 26.1 21 
Nov. 23 . . .. .. .... .. .. 10 28.1 24 
Nov. 23-24 . .. . .... .... 15 25.4 19 
Nov. 24-25 . 0 17 30.2 28 . .. . .... 
Nov. 26 ... . .. . . . .. . . ..... .. . . . 2 32.0 32 
Nov. 26-27. . . . . . .... . .. 5 30.6 30 
Nov. 27-28 . .... . . .. • · 14 23.4 18 
Nov. 29. . . . . . .... 3 32.0 32 
Nov. 30 ... . . .. •· .. 9 28.7 26 
Nov. 30-Dec. 1 . 10 28 .1 26 
D ec. 1-2 . . .. . . . . . . . . . .. . 10 28.6 27 
D ec. 3 . . . . . . . . . . . . 12 25.9 22 
D ec. 3-4. 14 20.1 22 
Dec. 4-16 . 290 5.6 
D ec. 17 ... . . . . .. . . . . . . .. . . . . . . . . 3 31.7 31 
Dec. 18. •· .. . . . . 5 30.6 30 
Dec. 20-21 . 14 26.4 25 
D ec. 21-22 14 27.0 20 
Dec. 24-26 . 61 17.6 12 
D ec. 26-Jan. 1 . . . ... . . . .. 136 11.3 
Jan . 2-3 . . . . . . . . . . . . . . . . . . . . . . . .. 33 20.7 15 
Jan. 3-4. 16 29.1 25 
Jan . 5-17 290 7.0 - 23 
At 9 o'clock A. M., on October 8, followin g the heavy frost 
earlier in the morning, a thermometer inserted into the center of 
the cob of corn ears hanging naturally in the fi eld recorded a 
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temperature of 31.5° F. Thus the freezing temperature of this 
first freeze penetratedted thru the hu sks to the center of the ear. 
The gra in on the more immature ears was considerably frozen. 
The selection of the various samples, as described in T able 28
was based entirely upon the external appearance and feel of 
the ear At each successive selection the corn was noticeably 
drier. However each sample in the later selections was chosen 
as nearly as possible to dnplicate the corn in the corresponding 
sample in the first selection. No attention was given to the 
appearan ce of the germ in selecting each sample. However
the germs were later examined for color, and the probable ger-
minati on wa s estimated . based upon the color of the germ. The 
data in Table 28 show that a fairly reliable estimate of 
viability may be made by an examination of the germ. 
The data in Table 29 indi cates that most of the freezing 
injury to seed corn in the field in 1917 occurred between 
October 8 and November 19 and that little injury occurred 
following this date. Altho much more severe freezing followed, 
the corn had dried out sufficiently to withstand it. In general, 
corn in the field which was sound on November 19 1917 was 
also sound on January 15, 1918
The vitality of grain contai ning more than 17 per cent 
of moi sture on November 19 was so r educed bv the temperatures 
which prevailed up to that elate as to make it unreliable for 
seed pm·poses. On the other hand, the driest grade standing in 
the field and that from the shocked corn, was not injured 
seriously giving germination tests of 86, and 88 per cent per-
fect, germination respectively. tho exposed to all the low tem-
peratures prior to January 17. On this date, the field from 
which the various selections r eported in Tables 28 and 29 were 
made tested 31 per cent germination, field-run. 
CONDITION OF C ORN IN CRIBS ON JANUARY 26, 1918 
The condition of corn in three Lancaster County corncribs 
was investigated on January 26 1918 These cribs contained 
Reid's Yellow Dent, Chase's White Dent and St. Charles' White
D ent corn. The crib-run tests of these cribs ·were 45. 39, and 
26 per cent germination respectively. The corresponding tests 
of seed selected because of the sound outward appearance of the 
ea r s were 86, 89 and 90 per cent germination. It was estimated 
that to select 1 bushel o-f these grades of corn from each of 
these cribs r equired 80. 100, and 140 minutes respectively for 
one man. All these tests could doubtless have been improved 
by further testing and elimination of the inferior ears. Seven, 
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six, and three per cent of the corn in the respective cribs were 
selected for the above grades. 
THE DAN GER LINE OF FREEZING INJURY 
An approximate safety zone free from freezing injury may 
be established for seed corn differing in moisture content. The 
combinations of low temperature and freezing duration which 
seed corn will withstand as indicated in Fig. 13 are constructed 
from the various tests reported in this bnlletin and should be 
regarded as approxinute rather than absolute. They set forth 
the probable duration of a given low temperature which corn 
of given moistnre content will withstand without injury. A 
slight lowering of the temperature or a longer duration of the 
exposure may initiate a r eduction in the per cent germination 
but will not prove entirely fatal. Greater fatality will result 
as the adverse factors are extended. 
It will be noted that in general an extension of the time of 
exposure is comparatively as dangerous as is the lowering of 
the temperatnre, until the moisture content in the grain is 
r educed to nearly 20 per cent where it manifests a decidedly 
greater resistance to the duration of exposure. A still more 
marked proportional resistance to the duration of exposure is 
shown by corn containing as low as 17 per cent moisture. When 
air-dry, containing 14 per cent or less of moisture, corn will 
endure any natural low winter temperature for any length of 
time. 
OCCURRENCE OF AUTUMN FROSTS IN N EBRASKA 
The dates for the first autumn frosts occur with great 
irregnlarity in Nebraska As extremes for Lincoln, Nebr., dur-
ing the last 21 years, the first killing frost occurred in 1902 on 
September 12 and in 1914 on October 27. A s seen in Table 31 
the dates of the first killing frost and the first dates with a r ecord-
ed freezing temperature of 32° F. or lower do not always coincide. 
This is due to the fact that the eather Bureau tempera.tures 
are obtained at a considerable distance above the ground, where 
the temperature does not always drop quite so low as it does 
nearer the surface. The average date of the first killing frost 
at Lincoln during the past 21 years has been October 12. 
Table 31 gives the dnra tion of the first freezing temperature 
together with the mean and minimum temperatures of the 
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Fig. The points of danger to seed corn of various moisture contents from freezing injury at g iven 
temperatures and stated hours of continuous exposure. A materia l adverse extension of freezing 
temperature, duration of freezing or moisture CJntent is likely to reduce t he per cent ge,·mination. 
Air-dry corn containing less than 14 per cent moisture will withstand any natural lo w winter tern 
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TABLE 31- Dates of the first killing frost ancl of the first freez-
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Oct . 9 
Sept. 29 
Oct. 8 
Oct . 18 
OCT. I 
Duration Mean Minimum 
of freezing temperature t emperature 
temperature during period during period 
(H ours) (Degrees F .) (Degrees F.) 
10 30.0 29 
3 31.7 31 
7 29 .3 27 
14 26.3 21 
3 31.7 31 
6 30.5 29 
3 31.7 31 
3 31.7 31 
7 31.0 30 
10 29 .5 26 
4 31.0 30 
5 31.0 
16 28.0 21 
12 29.0 26 
58 23.6 12 
6 31.3 30 
14 27.0 23 
13 28.0 24 
3 31.3 30 
5 31.0 30 




Fig. 14--Average date of the fir st killing frost in autumn. By G. A. 
L oveland 
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This variation in time of freezing weather together with a 
great seasonal variation in time of corn maturity has a marked 
bearing in different yea rs upon the cond ition of corn for seed 
when left standing in the field. 
The average dates of the first killing frost in the field in 
the fall for variousparts of Nebraska are given in Figure 14. 
F R EEZING INJURY INEVITABLE IN OCCASIONAL YEARS 
Experience has taught that th e best adapted, highest pro-
ducing corn for any locality in Nebraska, or in the greater part 
of the Corn Belt. does not mature and dry sufficiently in all 
seasons to escape freezing injury when left exposed to low tem-
peratures either in the field or in the crib. It would not be 
practicable in most of the Corn Belt to grow corn sufficiently 
early to escape damage from freezing every year, because such 
corn would be too small and early to give best results. The 
best adapted and most productive types appear to be those 
which utilize practica lly the entire growing season of the aver-
age year. In the majority of years. snch types should ripen 
fully before the first killing frost, altho in occasional years both 
the yield and th e quality may be r educed by autumn frosts. 
Seasonal variation in the time of maturity of a given corn 
in a given locality may be illustrated by the relative maturity 
of Hogne's Yellow Dent corn at the Experiment Station in 
1914 and 1917. This is a standard well-adapted type for con-
ditions prevailing at the Experiment Station In 1914 the grain 
of thi s corn contained only 14 per cent moisture on October 1, 
while it con tained 38 per cent on October 1, 1917. It was well 
matured on September 6, 1914, whereas it was not so mature a 
month later in 1917 In this vicinity the normal date of ripen-
ing for this vari etv is September 20 while the mean date of the 
first killing frost is October 11. According to this, corn which 
is unsurpassed in averageproduction at the Experiment Station 
ripen s. as an average about 3 weeks before the mean date of 
the first killing frost. 
Thi s seasonal varia tion makes possible in man:v years the 
growing of late matnring tvpes of corn in localiti es where 
thev normally are not adapted But the character of the season 
and the date of the first killing frost cannot be foretold at plant-
ing time Therefore unadapted late maturing types which do 
not reach th eir full development before the average date of the 
first killin g frost should not be grown. They require for their 
full cle,·elopment the exceptional seasons in which the first 
killing frost comes very late. In too great a proportion of the 
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seasons they f ail to mature, and too frequently produce an 
inferior quality of corn together with a low yield of grain 
per acre. 
SELECTION FOR EARLINESS 
Wherever varieties of too late maturity are being grown, 
this may be overcome in several ways : ( 1 Secnr ing seed of 
some earlier type This may originate in the same locality or 
be of some previously tried variety obtained from a distance. 
B efore a new corn is extensively substituted for an old one, 
definite knowledge shonld be had regarding its local adaptation. 
(2) Field selection of seed from the earlier mat uring plants 
before autumn frosts, while such difference is rea dily discernible. 
(3) Selection of the drier and more mature ears later in the 
season. To a considerable extent, snch ears are more mature 
because of inherent r elative earliness. Corn may be made to 
average a week or ten days earlier in matur ity in a very few 
years by such selection. It is probable tha t most of the corn 
grown in Nebra ska could be made a week earlier wi thout r educ-
ing the average yi eld, and the quality would be improved. 
A rather arbitrary ideal of deep rough grain is held by 
many corn growers This quality is usually associated with 
late maturity and al so high shelling percentage. A mistaken 
conception prevails that hi gh shelling percentage means high 
acre yield. To the contrary, corn with a ra ther medium depth 
kernel yields fully as much grain per acre, ripens somewhat
earlier, is often of much better quality and frequently possesses 
stronger viability. 
ALTERNATIVES IN SEED SELECTION 
( 1) Special, early field selection, before any likelihood of 
frost , may be practiced regularly each year When such corn 
is stored and cured in a dry, well-ventilated place, good ger-
mination without fu r ther troubl e is rea sonablv certain. This 
procedure, systematically insures sound seed corn An essential 
requirement in this practice is to avoid immedia te contact be-
tween the different ears so long as they are not well dri ed out. 
Thus mould and decay will be prevented. By going thru the 
fi eld with a sack hung over the shoulder, or other simple device, 
the best developed and most matured ears may be readily 
gathered. Seed selected in the stiff dough stage is suflicintly 
mature to produce strong, vigorous plants. However more 
mature seed is more easily preser ed. 
(2) Selecting seed late in September or early in October, 
while husking corn in the regular way for ea rly hog feed , is a safe 
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and convenient manner of obtaining sound seed corn. Precau-
tion should be taken to insure rapid drying and avoidance of 
mould. This procedure nsuallv requires some husking before 
the bulk of the corn is sufficiently dry for g eneral hnsking. The 
necessary seed for the average farm may usuallv be selected 
from several loads of this earlv hnsked corn If this plan is 
systematically followed a supply of sound corn may be fairly 
certain year after year. 
(3) Selecting seed at the time of general husking is the 
most common of all methods. Either a box is attached to the 
side of the wagon in to which the seed ears are thrown while 
husking or else the seed ears are selected from the wagon while 
unloading This method, and particularly the practice of pick-
ing· the seed ears in the field while husking has many com-
mendable features in years of early matnrity when a large 
percenta ge of the ears will possess strong germination even when 
left exposed in th e field to severe freezing weather In other 
years, such as 1911, 1915 and 1917 there may be such a small 
portion of viable ears after subi ection to freezing weather that 
much annoyance and difficulty is experienced in selecting them. 
If necessary to select seed ears from a field where freezing 
injury has been severe the rather slender , hard, solid, smooth 
ears with relatively shallow grains (Fig. 15 will be found 
most certain to give satisfactory germination. For those who 
do not favor this type of ear, it may be said that it is likely to 
yi eld fully as much grain to th e acr e as the larger, rougher 
types even in years when both give equally good germination. 
Severe freezing destroys the viability of immature seed. 
This is a fa ctor in the natural adaptation of the crop. It 
tends to eliminate the later strains, whi le the earlier ones survive. 
By selecting the ears, therefore, which have withstood severe 
freezing in the fi eld. more consistent earliness is developed. 
( 4) Corn crib selection may be practi ced in an emergency 
as a last resort. If provision for a seed supply by other 
methods has been overlooked, well matured and sound seed ears 
may in most years be selected from the crib during the winter 
or spring. Such home grown seed is to be recommended in 
preference to imported seed whose adaptability is not definitely 
known. 
( 5 Old Seed . In order to insure against emergencies, it is 
a desirable practice to select suffici ent seed in years when corn 
matures well for two years' planting. It seldom happens that 
two successive bad years occur, and by this practice much un-
easiness and annoyance may be avoided in bad years. One-year-
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Fig. 15- Standard and smooth ear types of Rogue's Ye llow Dent corn. 
T his smooth ear with kernels of only medium depth may be r e lied 
upon as the sou ndest seed in such crops as grown in 1911, 1915, and 
1917. Jt also y ields fully as well
FREEZING INJURY OF SEED CORN 79 
old seed corn is entirely satisfactory if it has been well pre-
served. 
COMBINATION OF METHODS FOR SELECTING SEED 
For many farm operations, the procedure may be variable 
from year to year according to the seasonal conditions, or the 
individual farmer 's fancy or convenience. Thi s holds true in 
regard to the time and manner of selecting the seed corn supply. 
The conditions are very exceptional in which a satisfactory seed 
supply with apparently equal productivity cannot be selected by 
any one of the first three methods just described. The relative 
convenience and practicability of the methods may vary from 
year to year. In years when corn is backward, it is good prac-
tice to select seed from corn husked early, before heavy and 
continued freezes are to be expected. In years of early maturity, 
when corn is well dried out, it may be quite as well to pick the 
seed ears at the time of regular husking. Whether special early 
selection is practised in such years may be left entirely to the 
convenience of the farmer. However, in years when corn is 
late in matnring, early selection and preservation of seed corn 
may avoid the great annoyance of sorting over a large quantity 
of corn for the small percentage of sound ears that will give 
satisfactory germination. Early selection is probably of greater 
importance in the northwestern half, than in the southeastern 
half of the State. 
ASCERTAINING VIABILITY 
After the seed ears are thoroly cured, a general germination 
test may be made of a composite sample of kernels taken scat-
teringly from each of several hundred ears at the rate of about 
six kernels per ear. If less than about 90 per cent perfect ger-
mination is obtained, a more severe elimination of unsound ears 
should be made. Discarding all ears with discolored germs and 
the making of an individual ear germination test are rather 
effective methods. The making of such tests is generally under-
stood by farm ers. If germination tests are made, care must be 
taken to provide proper germinative conditions, in order that 
misleading resnlts may not be secured. 
The most r eliable general test may be made by planting the 
seed in a box of soi l. The number of seeds actually producing 
plants may thus be ascertained. If the tests are made between 
moist blotters, cloths, or by any other similar device, the kernels, 
after sprouting, may easily be exposed and the germination 
connted. With well-matured seed, only strong, vigorous sprouts 
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Fig. 16-A final germination test should be made to definitely determine 
what percentage of the seed will grow. The corn planter may then 
be adjusted for an average drop of the desired number of kernels 
Fig. 17-The individual ear germination test s hows defin itely which are 
the unsound ears 
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are obtained. Where less mature corn has been subjected to 
severe freezing, as high as 10 or 15 per cent may germinate 
imperfectly. Such seed may have either the plumule or the 
primary root killed, while the other end of the sprout may 
develop normally. If the plnmule has been killed a viable 
root can never grow a new plnmule. But if the primary root 
only is dead , the secondary roots may, under favorable ger-
mination conditions, develop at the base of the plumule and a 
normal plant result. Such imperfect sprouts may be seen in 
Figure 20
Germination tests are often reported as so many strong, 
weak, or dead kernels. It would probably be quite as well to 
report perfect and imperfect germination and dead kernels. 
Since proper development of imperfect germs is doubtful, a 
classification into perfect and dead seed should suffice. Perfect 
kernels reported as weak are often relatively backward merely 
because of inherent slower germination or because of ununi-
form, unfavorable germinating conditions which act as sources 
of experimental error in testing. 
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Fig_ 18-Germin a tion box fill ed with sawd ust and covered w ith burlap 
to retain moisture 
F ig. 19- The germ inat ion box shown in F igure 18, uncover ed. Note the 
m uch moree vigorousous growth at th e end s of th e b box were e ·, the
burlap was fo lded back and greater pr essure exerted by the box 
standin g on top. The germinative ability of the corn at the center 
actually eq ualled that at the ends . This illustrates possible experi-
mental er ror in testing for germ ination 
83
Fig. 20-Kernels showing various degrees of relative germinative ability. 
(1) Perfect germination; (2) imperfect germination; (3) dead 
kernels 
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R ELAT IV E CORN YIELDS FOR THE STATE OF NEBRASKA IN 
YE A RS FOLLOWING SEVERE SEE D CORN INJURY 
The average yield of corn for the State of Nebraska during 
the last 28 years 1890 to 1917 as estimated by the Bureau of 
Crop Statistics and the State Board of Agriculture has been 
24.9 bushels per acre During this period, there have been three 
years of serious seed corn injury, namely 1896 1911 and 1915
The acre corn yi elds for the State in the years following this 
seed corn injury (years in which the affected seed was planted) 
were respectively 30.0, 27.1 and 32.6 bushels. Since the yield 
has been above normal each year in which it wa s necessary to 
plant seed selected from corn undergoing severe winter injury, 
it is evident that the farmers meet the situation in a fairly 
satisfactory mann er. The avera ge superiority of these three 
years above the 28 year average has been 5.0 bushels per acre. 
Therefore pred ictions of low yields foll owing years of severe seed 
corn injury do not seem justified The actual increase in yields 
is probably due to accidentally more favorable climati c and 
moisture condition s. 
E F FECT OF TIME OF SELECTION AND PRESERVATION OF SEED 
CORN UPON YIELD 
A n experiment was begun in the fall of 1914 to d etermine 
the effect of the time of harvesting seed corn upon its y ielding 
power provided care is taken in selection to obtain equally 
high germination A comparative yield test was made in 1915 
of September November, and March select10ns from a field of 
Nebraska White Prize corn. This is a standard variety grown 
at the Experiment Station and adapted to southeastern Nebraska . 
A similar test was mad e in 1916 and 1917 of seed selected in 
September. October . November. December, February, and March. 
The seed was carefully preserved in a dry, well-ventilated place 
after being harvested. After clanger from freezing in jury, only 
seed ears which showed a brigh t clear germ were taken. Ears 
with di scolored germs were discarded because they promised 
low germination . A large number of ears were composited for 
each selection. 
Fo11r systematically replicated 3-row plats were planted 
from all selections each year The rows were 72 hills long with 
hills 4-4 in ches apart. Six kernels were space planted by hand 
in each hi ll. The stand was recl11ced by thinning to 3 plants 
per hill after growing about 2 weeks. This insured practically 
a full and 11 niform stand . The first fifty hills having 3 plants, 
and surrounded by a full stand were harvested from the center 
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row of each plat for the yield test. T his arrangemen t permitted 
a direct compari son of the inh erent y ielding capaci ty of the 
differen t lots. The resu lts follow in Table 32
TABLE  elative yields of seecl corn selected at various elates 
during the fall and winter 1915-1917
D uplica-
Yield per acre 
D ate of seed 
selection ' tions Average Three each year 1915 1916 1917 1916 and year 
191 7 average 
= = 
Bushels Bushels Bushels Bushels Bushels 
September 4 66.6 36.1 38.3 37.2 47.0 
October . 4 36.9 38.3 37.6 
November 4 ·65.9 37.3 41.6 39.4 48 .3 
December . 4 39.3 42.4 40.8 
F ebruary . 4 44.3 41.7 43.0 
March . 4 64 .7 42.1 42.6 42.3 49.8 
Check'. 4 66 .3 40 .3 41.l 40 .7 49 .2 
The seed was harvested about the 15th o f each month. 
The check seed was harves t ed fron1 th e san1e fi e ld ·while husk in g in 
November . 
As an average for the three years 1915-1917 seed corn h ar-
vested by special select ion from the fi eld in September, Novem-
ber, and March ancl given good care after selection, vielded 
respectively 48.2 49.6 and 51.2 bushels per acre. while seed 
saved from th e same field during the regular process of husking 
in November yielclecl 50.6 bushels p er acre. Wemay conclude 
from these data that co rn harvested ear ly ancl given special 
care in preservation will not 011 ty ield seed which has been ex-
posed to the cold of winter without specia l care, provided both 
arc selected for high germinative qualities Seed which h as 
received no special early selection and preservation may be 
expected to yield as well as specially cared for seed. provided 
equally sa tisfactory stands are obtained. No claim is m ade, 
however that seed selected late in winter wil necessarily 
germinate as dependably as will that gather ed earli er. 
R E LAT IV E Y IE L DS OF DIFFE R ENT EA R TY PES 
During the four years 1914 to 1917, fou r ear types of 
Nebraska White Prize corn h ave been compared in yield with 
the original unselected corn from which the types were selected 
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each year Thi s variety h as been grown at the Experimental 
Station many years The method of testing was the same as 
that described on page 84 Ba sing the yields 11pon equal num-
bers of plants grown under uniform concl ition s enabled a fairly 
reliable test of the relative inherent yielding qualities The 
results are given in Table 33
TABLE Yield peracre from different ear types of Nebraska
White Prize corn 1914-1917





Long slender smooth . 
Number of duplications 
48.7 64.8 65.5 53.5 58.1 
30.0 65.3 64.4 45.9 51.4 
44.4 68.9 65.1 49.9 57 .1 
45.0 72 .6 60.1 49.2 56.7 
48.7 66.4 65.2 54.9 58.8 
6 8 14 7 
Fig. 21-Rough ear and long, slender, smooth ear of Nebraska White Prize 
corn . At the Experiment Station on an average for four years, the 
rough type has y ielded 51.4 bushels, compared with 58 .8_ bushels 
for the smooth type 
FREEZING INJURY OF SEED CORN 87 
I 
As an average for the four yea rs, the long, slender, smooth 
t:vpe yielded 58.8bushels per acre, which is 0.7 bushel more than 
the original l corn 7.4 bushels more than the large rough ears, 
1.7 bushels more than the short rongh ears, and 2.1 bushels 
more than the short smooth ears. One may conclude that this 
long. slender smooth sype possesses high ly sa tisfac tory yield ing 
qualities which coupled with its superior germinative ability, 
makes it a very suitable type to grow. This type of ear is 
gaining greater popularity among corn men of the State, altho 
the old prej ndice for deep rough ears with a high shelling per-
centage has been rather persistent. 
EFFECT OF UNUNIFORM STAN D ON YIELD 
An invest igation wasmade in 1915 and 1916 to determine 
the effect of varied distribution of plants upon the yield of 
corn. Th e number of plants per acre was the ,;ame in all cases, 
but the number of plants in adjacent hills differed. The pur-
pose was twofold: ( 1) To learn the effect of variation in stand 
ca used by mech anical variation in dropping by corn planter s, 
when corn with perfect germination is pl anted. (2) To learn 
what result might be expected from planting corn , only part of 
which will grow, but for which the rate of planting ha s been 
calcnlatecl to ,;eccl t he desired number of sonncl kernels per acre. 
The tests were made in duplicate 5-row blocks and equal num-
bers of each type of hill were hearvestedwithin each plat. 
The methods of dist r ibution compared were
(1) All hills with uniformly 3 plants. 
( 2 Alternating hills with 2 and 4 plants. 
( 3) Alternating hills with 1, 3, and 5 plants. 
( 4) Alternating hills with 1, 2 3, 4, and 5 plants. The 
r esults are given in T able 34 The average yield for the three 
TABLE Effect of varied distribution of plan ts in planting 
compared with uniform distribution (1915 and 1916) 
Plants per hill 
Yield per acre 
1915 1916 Average 
Bushels Bushels Bushels 
Uniforrr ly 3 plants_ . . .. . . . . . ... . 93.4 55.2 74.3 
Alternating 2 and 4 plants .. . . . . . . . . . . 89.8 58.4 74 .2 
Alternating 1, 3 and 5 plants 88.0 52.4 70 .2 
Alternating 1, 2, 3, 4 and 5 plants . . . . 95.1 54.4 74 .7 
A Averagefor varied distribution .... . . . 91.0 55.1 
I 
73.0 
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varied distri butions was 73.0 bushels compared with 74.3 bushels 
fo r the uniform planting rate of 3 plants per hill. A uniform 
stand of 3 plants per hi ll yielded 1.8 per cent more than the 
mean for the various distributions Variations in stand due to 
the planter , or to the presence of dead seed in corn testing as 
low as 75 per cent is less marked than the variations in the 
above special plantings. 
The clata in T able 34 are substantiated bv a verv similar 
experiment rondncted by Montgomery in 1907 and 1908 the 
results of which are g iven in Table 35. The average yield of the 
varied distributiond in thi s test was 2.1 per cent lower than a 
unifo rm distribut ion of three kernels. 
T ABLE Effect ect of varied distribution of seed in planting 
compared with uniform distribution (1907 and 1908 
Grains planted per hill 
Yield per acre 
1907 1908 Average 
Bushels Bushels Bushels 
Uniformly 3 grains . 71 .2 58.9 65.5 
Alternating 2 and 4 grains . . . . . . . . . . . 70.4 56.9 63.6 
Alternating 1, 3 and 5 grains . ... . 70.7 60.1 65 .4 
Alternating 1 and 5 grains. 64.5 60.6 62.6 
Average for varied distribution . . 68.5 59.2 63.9 
*Data in T a ble 35 taken from Nebraska Agricultura l Experiment Station 
B ulle tin 112, by E. G. Montgomery. 
EFFECT OF IMPERFECT HILLS IN CHECKED CORN 
The data in Tables 36 and 37 sho,_- how the crop adjusts 
itself for missing plants in an otherwise uniform stand. Dur-
ing the two years 1914 and 1917 a rather large number of 
corn hills containing either 1, 2 3 or no corn plants were 
scattered systematically thruout a fi eld of checked corn other-
wise containing 3 plants per hill. By harvesting the hills 
separately the effect of hills containing 1, e or no plants upon
hills with the normal number of 3 plants could be determined. 
Also the relative yield s of hill s containing 1 2 or 3 plants when 
surrounded uniformly by 3-plant hills could be determined. 
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TABLE Relative yields of one, two, or three-plant corn hills 
when uniformlysurrounded by three-plant hills. N ebraska 
White Prize corn (1914 and 1917) 
Number of plants in Total Number Average grain yield per hill 
hills surrounded by number hills of ears per 
uniform 3-plant hills averaged 100 plants Actual Relative 
Pounds 
Hills with 3 plants. 598 89 1.073 100 
Hills with 2 plants. .. . . 120 99 0.883 82 
Hills with 1 plant . . .. .. 80 141 0.656 61 
T ABLE 37-Relative yields of three-plant corn hills when adja-
cent to hills with various numbers of plants Average for
1914 and 1917 
Three-plant hills I Total Number Number Average grain yield 
surrounded by 3-plant number of of ears per hill 
hills except as hills plants per 100 
R elative indi cated below averaged per hill plants Actual 
Surrounded by hills Pounds 
with 3 plants. 598 3 89 1.075 100 
Adjacent to 1 hill with 
2 plants. 360 3 91 1.098 102 
Adjacent to 1 hill with 
one plant . 302 3 94 1.151 107 
Adjacent to 1 blank 
hill . .. .. 366 3 94 1.224 114 
As an average for the two yea rs, the two-plant hills yielded 
18 per cent less than a three-plant hill , but each 0£ four adja-
cent three-plant hills yielded 2 per cent more, du e to the one 
missing plant. By adjacent hills, in this discussion, is meant 
the 4 surrounding hills in rows at right angles to each other and 
designat0cl in the diagram below as 1, 2 3, and 4. 
5 1 6 
4 A 2 
8 3 7 
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A one-plant hill yielded 39 per cent less than a three-plant 
hill, but on account of the two missing plants the yield of each 
of the four adjacent three-plant hills was increased 7 per cent 
thus recovering nearly three-fourths of the loss. 
A no-plant hill yielded nothing, but each adjacent three-
plant hill yielded 14 per cent more due to the three missing 
plants. 
To sum up 50 per cent of the yield lost in a hill with one 
missing plant was recovered in the four nearest ad jacent hills; 
72 per cent of what was lost in a. hill with two missing plants 
was recovered in the four nearest hills ; 5G per cent of what was 
lost in a hill with no plants was r ecovered in the four neareset 
adjacent hills. 
While our experimental data show the effect of incomplete 
hills upon only the 4 nearest adjacent hills located at right 
angles, it is quite likely that the recovery extends at least to 
and possibly beyond the 4 nearest diagonal hills also indicated 
in the diagram at 5, G, 7, and 8. 
The fact that the vield is not greatly reduced by an un-
nniform distribution of the plants (within reasonable limits) 
may be explained by the large feeding area of the roots of a 
corn plant. A corn hill is not limi ted to its own 3 feet 8 inches 
of land , bnt rnav laterally draw considerably beyond its adjacent 
neighboring hills for water and plant food material. Since 
these materials are usually limiting factors, a relatively greater 
abundance made available by one or more missing plan ts goes 
to increase the yields of other plants. 
If a hill with one or two missing plants wa s partly sur-
rounded bv hills containing onlv a partial stand. it would not 
be reduced in yield to the same degree as when fully surrounded 
by 3-plant hills, becanse the competition would not be so large. 
PROBABLE DISTRIBUTION OF PLANTS WHEN SEED OF LOW 
GERMINATION IS PLANTED 
Every farmer has in mind some rather definite spacing of 
plants in the fi eld which he regards as an optimum planting 
rate for his locality in the average year. Various experiments 
have indicated that there may be some variation in the planting 
rate without a material effect upon the yield. 
Rather than to procure imported, unadapted seecl with 
perfect germination in years of seed corn injury, locally grown 
adapted seed testing as low as 75 per cent, or 65 per cent should 
be used if sounder seed cannot be selected. When the test is 
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TABLE Showing chance distribution of plants w hen seed 
germinating 75 65 an d 50 per cent is plan ted in hills 
44 inches apart 
Where corn germinates 75 per cent and 4 kernels are dropped per hill 
Seed dropped per hill Per cent such hills Total number such 
hills per acre 
4 sound . 31.588 1,024 
3 sound, 1 dead. ... . 42 .258 1,370 
2 sound, 2 dead . ... .. . . . . . 21.105 684 
1 sound, 3 dead . . . . . . . . . . . . . . . . .. 4.664 151 
4 dead. . . . . . .. 0.385 12 
Total. .. .. . . . . . . . . . . . . . . .. . . 100.000 3,241 
Where corn germinates 65 per cent and 4 kernels are dropped per hill 
Seed dropped per hill 
4 sound. 
3 sound, 1 dead . 
2 sound, 2 dead .. 
1 sound, 3 dead . 
4 dead . 
Total. 







Total number such 







Where corn germinates 50 per cent and 5 kernels are dropped per hill 
Seed dropped per hill 
5 sound .. 
4 sound, 1 dead 
3 sound , 2 dead . 
2 sound, 3 dead . 
1 sound, 4 dead . 
5 dead . .. 
Total. .. 
Total number such 
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below 85 an allowance should be made for the dead seed in the 
rate of planting. 
By using partially unsound seed, a uniform stand cannot 
be obtained. Bnt it ha s been shown that absolute uniformity 
is not necessarv for maximum yields. An application of the law 
of chance (Table 38) shows how the sound kernels will be dis-
tributed when seed t esting 75 per cent , 65 per cent, and 50 
per cent is used with an approximate adju stment in the pl anting 
rate to compensate for the redu ced germination. 
The chance combinations of soun d and dead seed per hill 
in Table 38, are calcnlated from the following formula : 
The probability of dropping p sound kernels and dead 
kernels from a composite sample containing m sound kernels 
and n dead kernels is : 
I 
= .... . . Z = product of all 
interger s from 1 to m. 
Acknowledgment is m a de to Prof. Ca rl Engberg fo r s upply ing thi s formula . 
F or purpose of ill ustration, it will be assumed th at approxi-
mately the rate of three sound kernels per hill is desired. The 
hills are spaced 4-4 inch es apart. An acr e contains 3,241 such 
hills. 
DISTRIBUTION OF SOUND KERNELS WHEN SEED TESTS 
75 PER CENT 
If the corn tests 75 p er cent and a stand of 3 plants per 
hill is desired th en 4 kernels should be planted per hill. The 
average hill wil cont<iin three sound and one dead kernel, but 
the_v will not be uniformly distributed. On the other hand, 
31.6, 42.3. 21.1 4-.6, and 0.4 per cent of the hills will contain 
4 3, 2 1. and no plants r espectively . In an acre with 3,241 hills 
ther e will be 1.024 hills with 4 plants. 1,370 hills with 3 plants, 
684 hills with 2 plants, 151 hills with 1 plant, and 12 hills with-
out plants. 
R esults almost identical with the above calculation were 
obtained in an actual test with 1,500 hills, ea.ch of which con-
tained 4 kernels ta.ken at random. In this t est 31.3, 4-1.6 , 22.7 4.1 
and 0.13 p er cent of the hills contained r espectively 4 3 2 1, and 
no plants as compared with 31.6, 42.3, 21.1 , 4.6, and 0.4- per cent 
for chance calculations. For purposes of thi s stndv, the clea.cl 
kernels were white and the sound kernels were yellow which per-
3 3 3 3 3 2 2 Z 2 2 J 2 3 2 2 3 2 3 I 3 2 3 Z I; 3 
3 3 3 3 3 3 3 3 3 3 0 3 3 2 3 3 3 3 3 Z 3 2 3 I 3 3 
2 2 3 2 3 I 3 3 3 3 3 Z 3 Z 3 2 Z 
/./ 3 3 2 2 3 3 3 3 3 3 3 2 2 I./ 3 3 3 1 3 .,; 
3 3 3 2 3 2 4 2 3 3 3 3 3 3 3 3 3 3 2 3 3 3 2 I 3 3 
z I 3 3 3 I 3 i 3 2 I 3 
3 3 3 3 I 3 3 3 3 3 Z 3 3 I 3 3 3 3 3 3 3 2 I 3 3 I 3 3 
3 3 3 I 3 3 3 3 3 3 I 2 3 3 3 I 3 3 4 3 -:t 3 3 I 3 I 3 
3 3 3 I / / 3 3 3 2 3 3 I I 3 3 3 3 3 3 3 3 3 3 3 3 3 / 3 3 
3 3 3 3 3 3 3 2 3 3 3 3 I 3 3 3 3 3 3 3 3 3 3 2 2 I 3 3 2 3 I 2 I 2 3 
3 3 3 3 I 2 2 3 3 3 I 2 3 3 I 3 3 3 2 3 3 3 3 3 2 I 3 2 3 3 3 
2 3 3 3 3 3 4 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
I 3 / 3 313 3 2 3 I 2 3 I 3 2 3 I 3 3 I 3 3 3 
Fig. 22- Actual distribution of so und k ernel s in hill s wbeu four kerne ls were taken at random for each 
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mitted correct separation. Figure 21 shows how these hills ar-
ranged themselves by chance in 25 rows of 60 hills each. 
It is understood that this and the two following examples 
are illustrative and would be varied somewhat in farm practice 
for the reason that a planter can not be set to always drop a 
uniform number of kernels per hill. 
DISTRIBUTION OF SOUND KERNELS WHEN SEED TESTS 
65 PER CENT 
If corn testing 65 per cent germination is planted at the 
rate of 4 kernels per hill then 17.8, 38.5, 31.1, 11.1, and L5 per 
cent of the hills respectively will have 4, 3, 2 1, and no plants. 
An acre containing 3,241 hill s will have 578 hills with 4 plants, 
1,246 hills with 3 plants, 1,007 hills with 2 plants, 361 hills with 
l plant, and 49 hills with no plants. The no-plant and one-
plant hills are likely to be distributed among the others in such 
manner that little r educed yield per acre need be expected. 
By planting seed with a viability of 65 per cent at the rate 
of 4 per hill, 87 per cent as many plants per acre should be 
expected as when 75 per cent viable seed is planted at the 
same rate. 
DISTRIBUTION OF SOUND KERNELS WHEN SEED TESTS 
50 PER ·CENT 
If corn is planted 5 kernels per hill, only half of which 
will grow an acre will contain 101 hills with 5 plants
506 hills with 4 plants, 1,013 hills with 3 plants, 1,013 hills 
with 2 plants 506 hills with 1 p1ant, and 101 hills with no 
plants. The average rate per hill for such planting is sound 
kernels. The yield to be expected from such a distribution of 
plants shonlcl be fairly satisfactory. However th ere seems little 
need for planting corn with so low a test. 
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